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Foreword 

This has been a lransitional year for the Centro I nternacional de Agri
cultura Tropical , a trans山on from p rojec t plans to research programs , 
from architectu月 I drawings to completion of same of the principal 
structures, and from discuss的ns about production systems concepts '.。
field efforts to identi fy, describe , and understand the components of 
咱們。us systems 

These transitions have helped sharpen 。υr objectives and to consolidate 
efforts toward achieving the basic mission o f CIAT: To accel軒的e
agr叫Jltural and economic development and to increase agricultural pro 
ductÎon and productivity of the tropics 間的出 improve the diets and 
wellare 01 the people 01 the world 

Several el/ents helped management and staff to appraise presen't pro
grams and to plan future activities. These inclu由d the Seminar on 
St rategies for CIAT in which all senior staff members part icipated in March , 
two meetings of 'the Exec utive Commìttee of the Board of Tru stees , and 
two meetings of the Board 

Actions 0 1 the Board included the appointing 01 a three member Pro 
9月m Review Committee to meet in 1972 with the CIAT staff lor a com 
prehensive analysis of the substantive aspects of 'the commodity thrusts , 
plus the decision to establish the position 01 Depυty Director Genera l. In 
so doing , the Board recommended that the person se lected for this post 
be primarily concerned w川、 the interna'tional aspects 01 the CIAT pr。
grams and 10 provide dìrect leadership for overall agricu ltural production 
systems developments 
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While the multi-commodity approach of CIAT is dictated by the diverse 
agricu: í: ural production systems and fcod customs of the countries and 
areas served , j't became important to establish criteria to guide management 
and staff in the selection o f i nd川dual prcgrams as well DS overall 
strategies , The highlights of the cr iteria w hich emerged thi s y3ar through 
the Seminar on Strategies and subsequεnt discuss的ns incJ ude the follow川g
components: Increase in real Încome , time for prcgram pay.off to result , 
number of people served , income distribution effec'峙 I relaticnships with 
。ther agencies , input of CIAT resQurces required , nutritional importan c-3, 
market potenti訓， and the international nature of CIAT. This latter criterion 
su日gests that CtAT select problems generally important in the lowland 
tropics and , of these, thosc least likelγ to be υndertaken by other agencies 

Program High Jights 

The followinq paragraohs present a few highliqhts of the accomplish 
ment s and activìties in CIAT' s major programs during 1971 

Beef. In collaboration w川、 ICA at Carimaaua , a series of nine be情 f
ca1ttle production herds υsino arade Zebus native 10 the area wer-e e叫ab
lish~d 10 comoare varvina intensitv bep.f c.:\ttle o roduct ion sv叫p.ms. Pres 
entlv aV <=I ilable evid p. nce ìndicates that besf catt le produ r. tion Ip.vels and 
prcfitabilitv could be substantìal\y increa sed usÎna sound oastlJre m;ln 
ðaemen t. feedin呵， breedinÇJ and he;-d health o ractices. ?lonQ wit h SOnî '2 

川、oroved castures. Thi s is a 5-6 year studv which wil\ be bùsed on 324 
heifers and the apρrooriate amount of pasture lanrl 

One of the maicr limitinq factors 10 附creased li ves tock orcduction in 
thρinterio r and coastal olains of South America is the low nutritive va lue 
()f na'tive orassland. A wide ranoe of np.f'I州 c materi ,, 1 of severi'l l imoortarït 
le門ume ~np.cie<; is beina ob~erved 削 CIAT. Snecies of thρI p.nυm巾巾，只 npn<>ra 
Stvlosanthes, Centrosema , Desmodium , Glycine and Pueraria are promising 
The addition of a leaume tc the native qrassland pastures to 5uop lv the 
necessa rv nitrooen for the soil-plant-a nimêll com plex is considcred the 
m。到間。nomical wav to orod tJce more beef rìe r unit areA <'l t Inwp. r r:。只 t

Several hiQh-yieldinq types o f Stylosantl、es have been identified , these 
includino two orovisicnal selections both n訓 ÎvP. 10 Colnmbia . S前汁。f th叫e
lines is beino increased. Perennial forms of Stvlosanthes are o f oarticular 
interest in 'the lequme testinq pr∞ram. Stylosanthes is adapted to low 
fertility , acid soils and has the abiJi'ty to extract phosphorυ 5 fro fì1 soils 
low in this element 

Continuaticn of the animal health studies with blood parasites demon 
strates that premun忱的n (infected blood and druq therapy) is the method 
of choice a't the present time to prevent clinica l anaplasmosis and 
babesiosis in Colombia. Thi s information is being uS3d in 打eld trials at 
Turipana . The use of pre.munition has , under contro lled cond山ons ，
eliminated deaths in cattle mov-ed into endemic zones , and the techniques 
developed for premunition are safe 

Swine. Seeking an on-the-farm source of protein to balance diets for 
hogs , swine nutritio ni sts ccncεn't rated this yea r on seeking economica l 
and practical means for processing cowpeas so as to reduce th 3: digestive 
inhibiting factors theγcon tain. Soaking was o f little va lue ; resu lts w川、
germinated ccwpeas were inconsislent , but cooked cowpeas provided a 
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protein that was well used by the pigs even when it was the onlγsource 
of protein. Growth rates and feed conversion of pigs f.ed diets based on 
cooked cowpeas were similar to th。但。f pigs fed standard control diet s 
based on corn and soybean meal 

Rice. Adoption of the new h可hγ時Iding varieties of rice reached a 
significant level in 197 1. Most of the area previously planted to high 
y悶 Iding va rieties had been in IR8 , but the release in earlγ1971 of CICA 4 
and IR22 leads to the expectation that these varieties will rQpidly replace 
IR8 and w刊 1 ， in add巾。n ， be grown under many circumstances where IR8 
has not 

CICA 4 has been accepted , multiplied and distributed in Ecuador as 
INIAP 凸 and in the Dominican Repυblic as Advance 72. A sister line Îs 
being widely distributed in Peru υnder 'the name of Nylamp 

With the mounting interes t in Latin America in the new rice varie ties 
a nd t he possible conseqυences o f rapid increases in production associated 
w ith their plantinq , CIAT in vited some 200 representatìves of 23 countries 
10 meet in Cali in October to consider the issues associated with rice 
pol比 ies for Latin America 

lt was the purpose of this sem inar to provide opportunities for dscision 
makers to expand theìr horizons so th at they can make better polîcv 
decisions. More specifically, ìt was to indi cate wavs and rnp.ans bv which 
rice productivity increases may be achieved on a broad scale and in such 
a waγtha' t these inc reases and productivity may benefit , in te rms of 
川、proved real incomes and diets , the greatest number of pCïSOnS in each 
countrγ 

Maize. One of the goals is to oroduce ccmmercial maize hybrids and 
varieties w.ith wider adaptation for the range of micro-climates in the 
tropics . Photooeriod sensitivity limits no r'th-south exchanqe of qerm plasm , 
but field studies in 1971 revealed a simple inherit ed sys tem fo r sensi ti vity 
-possibly as few as two genes- and thi s genetic pattern is being 
tested. 7 1 ' 可

Sea rch for a h咱h quality maize with a flint endosperm continued 
Labo ratory and biol。中 cal resυIt5 are promising , and preliminary 5tudies 
。n n 吋 rogen balance in children confirmed laboratory and rat data . The 
quali'tγ 。 f the yeJlow flint selections i5 essentiallv equal to the o rig inal 
floury opaque-2 phenotype. In a white hybrid , H255 , se lection toward a 
crystalline endosperm was accompanied by reduced Iys ine and tryptophane 
levels as we ll as a lower b的logical va lue when fed to rats. Success ìn these 
selecti ons , despite the problems with the white hγbrid ， indicate that a 
commercial vers的n of opaque-2 wÎth a mcre acceptable grain l tγpe may 
be available soon 

Cassav iI. Research ;n cassava was seriously harγ10ered because of an 
。utbreak of a bacterial infection , tentatively identified as Pseudomonas 
sp. , in the collection and increa se plots. This bacterial wilt is common 
in other areas of CoJombia but had no't recently been f。υnd in the Cauca 
ValleγTo prevent the possible spread of the disease to commercial fields 
a門 d cther cassava collection5 , a v呀。rous 剖tempt was made to e1i minate 
the disease in the farm . 

A low-cos t cassava chipper was designed and built , and the economists 
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s urveyed cas sava produ ction methods in Colomb開 Production cOs ts appea r 
to be equal on Ilat and sloping land with th e techni ques currently used 

The germ plasm collection o f nea rl y 2,800 cultivars is being cata\oged 
and various obse rvati ons made 

Few var iet ies have produced a higher yi.eld than Ll anera ， δva riety 
co llected by the Inst ituto Colomb ia no Agropecuario (ICA) Irom the 
Colombian Ilanos . Ll anera consis'te nt旬 is one of the h旬hest 川 crude
protein content with about 6 percent . Although several other cult ivars 
were found w i的 intermediate 10 almost eq ual levels of nitrogen, Ll ane ra 
was the only cultivar agronomica lly sa ti s fac toryυnder the condi tions 
'tested 

Ano the r aspec t o f the rap idly growing cassav a program is the plan 
to establis h , as part of the Li brary , a Cassava Document Ana lysis Center 
With the assisla nce of the Int er nati ona l Development Research Centre o f 
Canada, the υn it will a t'tempt to collect the av ailable world cδ ssava 1 i t
erature and pub li s~、 a comp rehensíve anno ta ted bib l的graphy

Food Legumes. Exp lo ratory work ín food legumes was expanded to 
incl ude limited s lυdy 01 the available germ pla sm with dry bean s (Phaseolus 
vulgaris) and soybeans (Glycine max) . Varie ties o f cowpeas (Vigna 
sinensis) and mung beans (Phaseolus aureus) have been screened fo r 
possible use in the tropics. A soybean s tudγhas de monstrated that it is 
pùss ib le 10 inc rease yield by genet ica lly delaying the date 01 Ilowe ring , 
allowing the ρ l ant to grúw larger before rep roduct叩叭 ， and delaying the 
date of maturit y. By se tting these two character changes as 90als , CIAT 
expects to 9剖 a tal ler pl ant , pod s that lorm higher 011 the ground , and 
increa sed seed γield 

Agricultural Production Systems. Data from field surveys , experiences 
01 prodυction trainees on Jjvestock ranches on the north coast and on 
small farms În the Cauca Va lleγ ， and observa tìons o f many farming 
operations in the tropics have helped ident ify the commona lities of the 
situ a ti ons and the possib!e goa ls for coopera tive efforts with na 't ional 
ðgenc 自 es W I的 respec I 10 agncυhural p roduction systems 

Regardless o f the si 2:e or nature of the operation , it would seem th a t 
the agricυ Itural prodυction system 90als fcr the people living on the land 
might well include the lo llow ing: ( 1 ) Ca reer opportunities in agriculture; 
(2) yea r-round adequate diets; (3) opportun ity to produce, week ly o r 
monthJy , some cash in come 10 supp\y the necess ities they a re not able t。
grow; (4) bette r hoυs ing and sanilat io 
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Work on the CIAT farm micro.nutrient deficiencies indica'tes that zinc , 
boron and iron are the most serious lìmiting factors in corn , sorghum and 
grain legumes. Zinc deficiency 時 most serious in rice, and the agronomists 
have obt剖 ned spectacular results with minimal applications of zinc in 
various forms 

Agricultυral Economics. The impact of rapid expansions in production 
of selected agricultural commodities on such facto rs as price , incomes, 
income dis'tr ibution , investmen t, employment and fore:gn trade is now 
being stud時d. Preliminarγ data indicate th剖 considerable increases in 
the demand for meats may be expectGd. The demand for rice will increase 
at a somewh at slower pace while that for maize and cas savð will 川crease
moderately. Higher income familie s tend to co nsume less m創ze and 
cassava as incomes increase, while low income families tend to eat more 
。f these foods at a modes't rate. As their income increases , low income 
families tend to spend a greater proportion of their money for meat than 
do high income famiHes 

International Activities. Throughout this report , CIAT scienti sts have 
detailed their act ivi'ties to become fa miliar w ith and assíst with the 
agricultural problems of var ious countries. Specifi日1 旬， t hey have ex. 
changed germ plasm , information , and other materials. Scientists are 
collaborating o r assisting in several countries on beef , swine , rice , and 
corn projects , in addition to the cooperative work underwaγin several 
locations on plant di sease , insec't s, and weed ccn tro l. There is a constant 
flow of visitors from the countries to CIAT and from CIAT to the 
countrles. 

In addition , during the year 82 persons from 15 countries participated 
in CIAT training programs , includìng 32 as postgraduate interns in research 
and 25 as production specialists. Nearlγ200 policy makers from 23 
countries a'ttended the Semìna r on Rice Po l凹的， while 16 scientists from 
all Qver the world presented a technical symposiυm to some 100 par 
t山pants representing most of the rice.growing areas of Latin America 
The IV Andean Zone Maize Conference ùttracted more than 50 persons from 
12 countries 

Administrative Developments 

CIAT's l inancial base lor operations expanded in 1971 with 'three 
government s , Canada , the Netherlands , and the United States , joining in 
the support 01 CIAT. Through the U.S . Agency lor International Develop 
m.~，nt ， the Government of the United States became a full pa內ner wÎth 
the Rockeleller Foundation and the Ford Foundat ion 川 the basic core 
support w ith each of the three donors limi t ing their support to a maximum 
。1 $750,000 annually 

Th rough the Canadìan Internatìonal Development Agencγand 't he Inter 
nationa! Development Research Centre , the Government of Canada estab. 
lished lunds app roximating $4,000,000 to help linance CIAT's research 
and train ing programs in swìne and cassava. Most of these fund s wil! be 
spent directly by CIAT, others in behalf 01 CIAT projects through Canadian 
in st itut的n s ， and st ill o'ther s in connection with outreach funct 悶的 in other 
c。υntries. The Government 01 the Netherl ands contributed $125 ,000 to 
the core program 
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Specia l projecl funding during 1hz year included supporl from Ihe 
Interamer 自can Oeve!opment Bal~k for the Seminar on Rice Policies and 
Ihe producl ion Iraining programs , from Iha W. K. Kellogg Foundalion 
'to help fjnance genera l conference and symp。別 a ac~ i v ities ， and from the 
United States Agency for Inte rna tic nal Develo pment , Washing to n, as well 
as AID country missions in Honduras and Panama fo r t ra inea support 

Changes in Ihe CIAT senior sl aff during Ih e yeer included five deparlures 
and ten arrivals. Those leaving were Dr. Charles Mullenax , 10 join the 
World Bank in 80go惘， Dr . E. R. Roberls , 10 join Iha s'laff o f Ihe new 
College 01 V剖erinary Med峙 i n-e a t Lo ui s ia na State Universitγ ， Dr . James 
Wilkus , to join the Interna tiona l Vete rina ry Sc ience Program , Un iversi ty 
of Minnes。惜， and Dr. Ge ra ld 1. Tranl , 10 become Di月ctor Genera l, ECQ
nomiC5 8ranch , Ministry of Agricultu re , Canada. Mr. Thomas Bloch co m
ple'ted his assignment as te mpo rary librari an and became librðr ian for 
the Central American In s titut e o f Business Adm ini st ration in Nicaragua 

New arrivals were Dr 口。nald Bu shm an , rum inant nutrit叩門 l肘 Mr

Kenneth Buhr , v isit ing sc i e nt叫 i n focd legum帥 ; Dr. James Cock , planl 
ph ys io l og 自肘; Dr . Jerry 0011 , weed contro l spec ia li st; Or. Peter Graha m , 
soíl microbíologist; Or . 8ela Grof , pas'tu res and forages specia li st; Dr. C 
Patrick Mo。時， training coordinator in an imal sc ience; Dr . Amador Vi lla
co:-峙 I entomoloqist , and Mr. C~rrit Zemmelink , anima l nutritioní st o n 
assignment 10 CIAT from the Wageningen UniversilY , Ihe Nelherlands. In 
add il io n , Ihe Rockeleller Foundal ion assigned Mr. Neil Mac Lell an , ex 
perienced agricu ll u ral photographer , 10 CIAT lor an indefinile pericd 10 
ass is t in the develop ment of our ph叫。graphic service5 

Despite the unseasona l weat he r, labcr and material sho rtages, and soil 
problem s, cont ruction cantinued on the phy剖ca l pl an l. AI year 's end , 
Station Operations was occupied , with more t han 50 percen't o f the spac'J 

being used as temparary o ffices and labo rato ries for commodity pro 
grams. Olher build叭叭 I expec ted 10 be r臼dy for occupancy in the fir5t 
quarter o f 1972 , included Ihe Sma ll Animal Co l onγ ， Field un i'ls lor Ihe 
beef and sw ine prcgram s, and the green and screen hou ses. The aÇl r icul
tura l engrneer , continuing the developmen t of the experimental farm , 
used this as an opportun ity tO train a number of young eng ineers in th:= 
variou s ph ases of development and opera tio n 

Upon Ihe departure 01 Mr. 81。的 Dr . Fernando Monge, assac ia tc 
communica'tion sp 
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Beef 
Production 
Systems 

A vìable beef cattle ìndus try can 
sign ifì cantly contrÎbute 'to the overall 
econo m ic development of countries and 
regions in the t ropica l bel t. Bee f ca ttle 
pt'ov ide the mech3n ism for the r ationδ| 

use of extεn sive pasture land not s uit
able for crop p roducl的n ， as we ll as the 
immed叫c utilizatÎon o f potent iallγ 
a rable lands fcr grazing until the neces
sarγ 川 f rastr uctur e: for crop farming 
deveJops. 8eef cattle can t ransform 
these pas(ures and forages , as we ll ðs 
cther ce llulosic crcp res idues and by 
produc帖， into h igh qua lity anima l pro
te in fo r human consu mp tion. These 
feedstuffs have nO nutriti ve va lue for 
man , pcult ry Qr non-ruminants , but 
prc ::l uce real income when fed 。
ruminant s 

Also , in many count ri es an expanded 
beef industry wouid nc t o nl y supp ly 
addit昀na l an imal protein for huma 、
consumption , but w。υ Id provide beef 
for export above eHective local demand 
These export earnings are often critically 
nE. ed e: d to suppcrt country development 
Since both internal and expor't demand 
for beef are st rong , it would appear 
advantageous for those lesser developed 
countrie .z wit h high beef production 
poten tia l to exploit this opportunity t。
increase beef exports 

Research and training programs are 
underway al CIAT in Palmira , Ihe ICA 

Cðrimagua station situated in th 3 II an05 
and Ihe ICA Tu ripa na station localed 
near MOl1 teria on the ncrth coas t. CIAT 
is assisting Ihe INIAP BEef Ca tlle pro
gram in Ecuado r. It Îs antic ipated that 
CIAT slaft w il l cooperale at other loc卸

tion s 附 La tin Arnerica when cur ren t 
programs become ~ ufficientlγdeveloped 

rrojects with o ut side fundìng include 
th e Texas A&M Unívers ity hemoparasite 
project , and a project i nvo l圳 n9 V I訓 ting
sc ien t is ts from Wageningen. The Texas 
A&M hemoparòsit e p:-oject is comp!ete ly 
financed by USAID . A porlion o f the 
fυnds is uscd to suppo rt graduate 
training and research ìn hemopar as的e
di ，ε目前的 Texas A&川， and the remain 
der 10 suppor\ g raduale s ludenl Ihe剖 s
and other resea rch in CIAT. Wageningen 
provides sa lary and ot her perqui si tes 
for its visitin g scienti sts 

Th e fcllowing de,cribes the pa r\ icipa
tion of va rious profess iona l groups as 
related to spec ific resea rch and train附9
。b j ec'li ve s 川 developi ng beef catt le pr。
duct 的n sys tems for the lowl and tropi cs 

Specific resea rch objectives are ( 1 ) t。
provide adequδle fe金d supply , (2) t。
control disease and parasítism , and (3) 
to develop econom ica l sys tem5 o f p ro 
duc tion and marketing . Spec îfîc training 
ob jectives inc lude tra ining of profes5i on
a ls as prodυction and research 5pecíal 
15t5 
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Feed Supply 

Soil5 , 50il bacteriology, weed control , 
pas'tures and forages , and animal nutri
tion spec Îalists collaborate in developing 
beef ca t t le feeding regimes. Year-round 
feed supplγand adequale life-cycle nu 
trition are probably the most critícal 
factors affecting repropuctive perfor 
mance , growth rale , and susceptibility 
10 d isease and parasitism . Primary 
a t'tent Jon 1$ 9自ven 10 grazmg systems , 
wilh supplen、enlation on ly as needed 10 
cQrrect nutrÎent deficier可 cies. In add川 lon ，
the use of other feedstuffs in more 
intensive beef cattle production systems 
is considered 

Agronomy/ Soils 

Developmenl of a beef ca'l lle induslry 
based on grazing systems depends 
directly upo n the inherent productivity 
of soils on which these pastures are 
grown, and the influence of soils type 
o n fo rage y自 eld and nutriti ve va lue 

Soils fertility . In Carirr、agua ， sC len ti c; ts 
have screened certain forage legumes 
and grasse s for fertilizer requiremen 峙，
and have coopera ted in 'the establish 
ment of the molasses grass (Melinis 
minutiflora) grazing experiment using 
Ihree fe叫 ilîzation regimes. 5 tυdies will 
be continued to determine time and 
ferlilizer (especially phos戶horus) re
qU lreme門 Is of besl adapled paslure 
grasses and legumes , as well as methods 
。f fertilizer application 

Soils Managernen t. Molasses grass and 
Calopogonium muconoides have been 
successfully establi shed in Carimagua 
with no mechanical seed bed prepara~ 
tion. These studies wi ll continue to test 
selecled Iillage melhods and cher吶 ical

weed con tro l to redυce costs, machinery 
requirements , management of res idues 
and (ont rol of weeds 

Soil microbiology. A freeze-dried (01-
lection of Rhizobium cu ltures for most 
spec ies is now readγand is being 
suppl ied to coll abora'tors on request 
Field and greenh。υse testing o f cu lture 
15 In progress 

Pastures and Forages 一 Agroslology

One of the major limiting factors to 
increased li ves tock production in the 
interior and coastal plains o f South 
America is the low nutritive val ue of 
native grasslands consisting of mon。
5pecific grass swards and inferior fire 
5ub-climax vege'tation. The addition o f 
a legume to supply the necessarγnitro
gen (prolein) for Ihe soil-planl-animal 
∞mplex is cons 自dered t he most eco
nomical means of producing more beef 
per unit area at lower cost 

Scientist5 川 the a9roslol09γprogram 
have identified the fol\owing pri ori ties 

1) Collec lion , introduction a n d 
screening o f 'Irop ica l forage spe
cies , with particular reference to 
tropical forage legumes 

Seed increase plot of guinea 
grass acces日on from East 

Afrlc.a 



Forage legume introduction garden 
8t CIAT (arm. 

Vlgorous Fl generation of a 
Centrosem ':l brasUianum X C 

virgln.ianum hybrid 

CI A.T sclentist and Costa RI
can trainee inspect promising 
Stylo.santhes cultivar. 



2) Developmen l 01 sυper io r culti vars 
o f forages and grass-Iegume mi x 
tures adapled 10 pas lυre uti liza
tion 

3) Sludy 01 praclica l and econo m ica l
Iy leasib le paslure es l ab l 悶hmen t
and range re-seeding techniqu es, 
with emphas is On legume introdu c: 
t lon Into eX lst mg nat lve pastures 

4) Stu dy 01 poss ible solutions to 
。ve rccme li m iting soil fertility 

5) Seed prod uct ic n and regional eval 
υat ion of selec ted fo rage 5 戶 eCles

6) Eva luat的叭 。1 lorages bγ I ivestock 

NIL nU M川
h
νl
 

Stylosanthes guyanens1s re 
sponded strongly to fertilizer 
applica tion On a Carimagu .l. 

latosoJ. 

P 

Pasture Plant Introduction and Eval
uation . A wide range of genet ic material 
。 severa l importan t legume spec ies is 
be ing ob~e rved at CIAT. Species of 
Ihe l egum川。us genera Stylosanthes , 
Centr。目ma， Oesmodium , Glycine and 
Pueraria show promi se. New accessions 
and indigenous m a te ri a ls a re bei ng 
added to the ex ist ing germ p lasm coJ 
lE:ct ion from o ther 'trop ica l reg io ns 

5tylosanthes , The pe re nn ia l species 
(S. guyanensis) is a natura lly occ ur ring 
com ponen t ofρast u re s in Colombi a. It 悶

fo und Irom sea level to 1,700 m in 
man y forms and biotypes. The wide 
range of va ri abi lity observed in this 
polymo rphi c species wa r rants det ailed 
agro nomic eva lu a ti。門 The select ion of 
produc t ive types, ada pted to pasture 
cond i't io ns, is in p rog ress . Several high
y'εIding Iypes have boen identilied 
Thεse inc lude two provis io nal se~ections ， 
both nat ive to Co lombia , o ne accession 
from Costa Rìca and one fro m Brazil 
Seed 01 Ihese selected lines is being 
Încreased 

Exper imen ts at p ilct p lots in Ca r ima
gUJ 川dicate tha t severa l t ro p ica l for age 
l egum缸， e .g ., the peren nia l spec ies of 
Sty lo , Pueraria phaseoloides, and Calo
pcgonium muconoides , are adapted 't。

the Ilanos env ironment 
Centrosema . Ce ntrosema pυbescens 自 S

widelγrecogni zed as a t ro p ica l forag~ 
leg ume , bu t ct he r species of thi s genus 
have no t reεeived attention as cu lt iva ted 
fo rages. F3 and F4 popu la ti o ns deri ved 
frcm th e int ers j:ecifi c cross C. brasilia
num x C. virginianum a re being assessed 
in a space-p lan ted nurse ry. Selection for 
importan t agronomic characters , in 
cluding yie\d , sto lo ni fe ro us development , 
and late seeding habi t , we re carried out 
Twelve se\ected lines are being prop
aga ted clon a llγfcr fur ther tes ting and 
seed p roduc tion. 
D臼mod仙m . A range of ecolypes of 

bcth D. in tortum and D. uncinatum are 
unde r observa t的n and seed increa se 
Some 01 these were collected loca lly, 
。thers 附 Ecuador . The b rowse legumes 
D_ distortum and D_ heterophyllum are 
promlslng 

Glycine and Teramnu5. Introduct io ns 
from S。υ t h ern Rhodesia , Aus tr al ia and 



PromlsÎng variety or Slylosanthes g"uyanens>5 froro the Colombian LJanos 

the loca l variety show good agronomic 
characters and adaptation s to Cauc a 
Valley conditions 

Plant nutrition. Interest is cancen
trated cn the lat05015 , red-yellow 
podsolics and other marg ina l soil 'types 
These soi ls are generally low in p lant 
nutrien ts. notably În phosphorus and 

nitrogen ; they have a low base exchange 
capacity and are acid in react io n 

s. guyanensis, grow n in pot culture o n 
Carim呵ua latosol, responded strongly 
to ph05phorU5 add ition , bu't not to pota5-
sÎum appli cation. Maximum dry mat ter 
yie!d wa5 o b'tained at 26.2 kgj ha 
ph05pho rU 5 leve l. A higher app li çation 
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FIGURE 1. Yìeld r,esE?nse ~! _ S.:..~uya_n~e !lSis to four leve:s of P , c. g.; PO = 
oonlrol, PI 13.1 , P2 262 and P3 52 .4 kgjha 
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rate-52 . 4 kg/ ha-of phosphorus 
gave no further increase in dry matter 
yield (see Fig. 1, page 15 ) 

The effect o f four micro~nulrjents 

(Mo, Zn , Cu , B) in combina tio n wit h 
phosphorus and potassium on the es
tablishment of Stylo wa s studied in 
another pot experimen t. Again , phos
phorus gave the largest dry ma 'tter 
increase and showed a phosphorus x 
molybdenum interac t ion. W川、out phos
phoru s, all other elements were inef 
fective 

Seed production. To reach even a 
fracti o n of the pastυre production and 
grazing potential o f the tro pics of Latin 
Ameri ca , eno rmous quant山es of seed 
of se\ec'ted grass and legume speci es 
will be needed. At present th ere is no 
organ 自 zed forage seed production in 
Colombia 

Bulking up of seed o f s tγ 10 se~ec tions ， 
centro , kudzu , glγcì ne ， greenleaf des
modiu r啊 Brachiaria decumbens, B 
ruziziensis and Paspalum plicatulum was 
I n川 a ted

Pasture and Forages - Utilization 

The feed suppl y for the beef catt le 
indu5try of the lowland tropic s is based 
upon γear- round paslure fo rage . There 
are extens ive pas'ture la nds wh時h could 
suppo rt an expanded beef ca ttle in 
dustrγ Unfortunately ， these pasture 
lands arc eìther poor ly managed and 
sometlrnes overg月zed or are gross ly 
υnder-υti l ized 

The pastures and forages utilization 
program focuses on methods (1) 10 
increa~e prcductivity of existing grass
land s, and (2) to fu rther increa se pro 
duct川 ty using tropica l legumes and 
improved grass 5pecies 

CIAT Center 

Two grazing tr ial s have been initiated 
to determ川e IÎ ve weight ga in and costs 
of prod uction in in'tensive 5ystem5 o f 
growing-finishing beef cattle usìng 
Pango la (Digitaria decumbens) and Para 
(Brachiaría mutica) pastures 

16 

Pangola grazing experiment. Four 
nitrogen fertilization rates (200 , 400 , 
凸00 ， 800 kg N/ ha/ yr) and rotational 
grazing with three stocking rates are 
used. Gravity irriga tion is provided as 
needed. Thi s experiment was del ayed 
bec ause o f th合 redes ign of the irrigatio n 
system and the slow growth rate of the 
Pango la grass resul'ting from soi l fertil 
ity prob lems and a high water table 

Poss ible reasons fo r this slow growth 
rate are (1 ) micro-element deficìencies 
including zin c, iron and bo ron as sug 
ges ted by that obse rved with rice and 
soybeans , (2) 時 linity ， espec i a llγwhere 
land leve ling cuts were made , and (3) 
high wa ter table. Explo ra to ry trials are 
being initi ated 10 determine possible 
50il micro-elemen't deficiencies affecting 
growth 01 Pangol a 

Para grazing experimen t. This trial 
was begun in November, 1 中7 1. Three 
nitrogen fertilizati o n ra tes (200, 400, 
凸00 kg/ha/γr) are being com pa red u引 ng
a rotational grazing system . Thìs exper 
iment will continue for two.threeγears 
、Nhereas Pan gola appears to be highlγ 
sens ltlve t。 呵i l minera l def呵呵nCles ，
s。川 sa linit y， and h igh wa ter table, Para 
is much be t'te r adapted to these cond卜
tlon s 

Diethylstilbesterol and Vitamin A. The 
effec t5 cf implantatio n o f diethylstilbes
terol and Vitamin A o n g row th rate 
were determined in g rade Zebu bu !ls 
and steers maintained on pasture durìng 
the growing-fi ni sh ing peri od . Durδti on 
of 'this tri a l was 672 daγs. A total of 
284 animal s wa5 used . Twenty-one 
bulls and eight steers failed to reach the 
450 kg slaughter weight 

Tab le 1 presents average wei ght gaìn s 
o f bulls and st eers calculat ed by three
fo ur month periods. The heav時r animal s 
and the best ga川ers were sold first 

These dat a indicate th at diet hylsti l
bes'terol implantation increased average 
weight gains in s teers by 13 percent 
dυring the entire expei iment , but did 
not effect the bulls. The grea test re
sponse to diethγIstilbesterol was o b
tained in the initial stages with 'the 



TABLE 1 Daily gain of weight of steers aod bu1!s implanted with Vitamin A and diethylstilbestr叫.'

Steers Mean 
Dec. 1969 Feb. 1970 May. 1970 Sepl. 1970 Nov. 1970 Feb. 1971 May 1971 Dec. 1969 

Treatment Feb. 1970 May 1970 SE'pt. 1970 Nov. 1970 Feb 1971 May 1 日 71 Oc t. 1971 Oc t. 1971 

Control 519 427 480 262 241 459 371 388 

Vitamin 493 435 514 224 205 445 488 3日8

DES 668 521 567 151 188 558 234 439 

Vita min -DES 596 526 558 176 2日2 366 342 439 

Mean 569 477 528 202 220 464 365 

Bu lIs 

Treatment 

ConlroJ 747 408 595 281 334 536 498 446 

Vitamin 532 486 579 244 292 507 380 450 

DES 618 523 591 178 280 499 34日 456 

Vitnmin-DES 607 561 571 213 268 455 471 447 

Mean 632 494 584 218 2自8 451 501 

" Reimp!an t.ed every 120 days with 30 mg diethy l:; tìlbestrol and 400 IU Vit ::.min A. 
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fasler ga川 ing s t eers，圳lh ð generð lly TABLE 2. Weight gains 01 a且imals graz 
negative respon se w it h slower gò in ing ìng molasses grass." 
slεε r s during the later phases of the 
fin ishing period. Stocki旦E Rate. AnimaIs/H. 

Inj eclion of Vit ðm in A had no effect , 
ind icat ing that pastυre lorage suppli d 

0 .44 0 .88 1.30 

adequa'te cδrotene . No fertilizer 
一企豆豆巨型L一一一

- 2 一 的 一 15

Tυnpana 

An intensive grazin g tri aJ is be川9
川itiated \0 determine costs of produc
lion and live weight gains of s tezrs 
grazing Para 9月ss with and wi thou t the 
tropical Jegumes Centrosema plumieri j 

De蚓、。dium intortum , Clitoria ternatea , 
Pueraria phaseoloides. Three stocki ng 
rates wi ll be compared using rotational 
graz mg 

8 asic concerns are: probable p roduc
tivity and economic advan tages of 
intersεeding legumes with Para , an d 
ident ìf ica ti cn of optimum pa stu re man 
agemen t regîmes to maximìze produc
tìv ity and profi't 

Carimagua 

Ca ri maguð , in the heart of the 
Cclombian lI ancs , typifies extensive 
Jatoso l grassland areas in Venezuela , 
Bra訓， Bolivia and Col om bi a . Mðny 01 
the native spec ies a re of low nutritive 
value. Prîmary attenti on is bei ng given 
to determining ( 1 ) most eff icien t meth
cds cf nalive range management , (2) 
possibil山es of es tabli sh ing improved 
grass pastures , a nd (3 ) eff icacy of 
interseeding trop自ca l l egurr、es în both 
native and improved pastures 

Molasses grass (Melinis minutiflora) 
grazíng tria l. A tr ial was 間， t吋 ted in 
Oc tober , 197 1 to de term in~ am ount and 
cost of live-weight gain of cat'tle native 
10 the ColombÎan lIanos grazing molasses 
grass pastures . Fertilizer t rea tments at 
tÎme of establishment included no fer
tilizar , 75 kg P,O,j ha , and 75 kg P,O, 
p lu s 40 kg Kj ha. Three stocking rates 
are used , 0.5 , 1.0 , 1.5 anima lsj ha 

Average daily we ight gains after 56 
days grazing are presen ted in Table 2 

Phosphate 

Phosph ate + 
potash 

-242 -346 -193 

一385 -448 -454 

,. lnitial 56 doy period 

During thi s period and un'tîl the end of 
the dry sea son, reduced stocking rates 
ðre υsed to protect the pasture , as little 
information is availabl e regarding effect 
。f stocking ra te 

AJI trea'tments resulted in weight losses 
dur ing th內 per iod ， 'the beginning cf the 
d ry season. At thi s time mo lasses grass 
flowers and goes 10 seed , vegeta'tivE 
growt h stops , and paslure palatability 
and nutritî ve va lue decline. Relatively 
minor losses were observed 川 the υn
fertilized pastures as compa red to the 
fertilized plots. This pe rhaps WðS be
cause delayed flowering and seed in g in 
υn fer tilized pJots produced il more nu
tr îticus pas'ture forage than in the fer 
tilized pastures 

Natjve pasture. This triaJ wa s initiat 
ed in September , 197 1 to deterr啊 Ine
amount and cos t of live-weig ht ga in of 
native cattle grazing pastures nati ve t 。
í: he Colcmbian lI anos. Przdom inant grass 
species incJ ude Trachypogon vestitus, 
Androp。包。n bicornis and Axonopus pur
pvsi i. Cont inuous and rotationa l grazing 
sys tems are being ccmpared using three 
s'tock ing rates , 0.20 , 0.35 ðnd 0.50 
animalsjha. It seemed advisabJe to in 
jtiate the tr ial w川、 lower stocking rates 
because of the approaching d ry seasQn 
and lack of info rm at ion using stocki ng 
rates heavier th an 0. 20 animalsj ha 

Results to dat e are sh ow n in Table 3 
Average daily w制ght gains were lea st 
at 'the highest stocking rate as compa red 
to the lower s tock ing rates usîng both 
rotational and con tinuou s grazing 
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TABLE 3. Weight gains o( animals grazing native pasture. e 

SysLe 'ID WdghL gains 

Continuous ADG. gms 

Per Ha.. Kg 

r.otational .'\.DG. gms 

Per l-b.) Kg 

令 Jni l ial 8S d:lY period 

Weight gains per hectare increased as 
s t ock附9 rate increased using continuous 
grazrn日 I but was erratic w ith rotational 
grazmg 

Note both the apparent advantage 01 
natlve grass 廿 u ri ng the dry season as 
compared to molasses grass and the 

SLccking rate AnimalsfHa. 
。 15 。 2:; 。 37

311 319 274 

4 7 9 

256 2ïO 33 

3 6 3 

average daily gains of appr。圳mately
300 grams for animδIs grazing the na. 
tive pasture during the onset of the dry 
season. Compensatory growth gains can 
be discarded , as all animals had been 
grazing sim ilar native grass pasturas for 
more than four mcnths prior to the 
sta rt of this trial 

TypicaJ CrloUo cattle at Carimagua 
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Beef C'olll. N叫rition

The beef ca ttle nυtntlon prog月m IS 
placing emphasis 0 1"1 ( 1) the nutritional 
factors limiting reproduction and 
grow' th rate, and how th ese can be re
solved , and (2) beef calt le feeding re
gimes În more intensified farminQ 5yS
tem s 

Primary a ttention wiJl be g iven to 
minera ls , energy and protein , wh ich 
appear to be the most critical nutri
tional factor s affecting reproductive and 
growth performance 

In determining 'the poss ible rol e of 
beef ca ttle in more in ten sìHed systems 
during the next tWQ yea rs, the primary 
work emphasis will be on the feed value 
and productivity of certain cu ltivated 
fora ges , crops , crops res idues a nd by
products. The data ob tained on each 01 
these potenti a l feed stuffs can be direct
Iy applied to more intens川e crop livc 
stock enterprises incl uding : (1) farms 
of intermediate si ze which produce crops 
such as corn , cassaVð , sugar cane , rice , 
cotton , etc. , (2) dairy-beel , and (3) 
small , highly intens ified crop- lives'tock 
units 

Control of Disease and Parasitism 

Animal Health 

The primary objective of the animal 
heal'th program is to im prove reproduc
t ive and growth performance and re
duce mortal川 through cont ro l 01 d悶，
ease and parasi'tism , with particular at
t'ention to causes of reproduc t ive faîlure 
resul ting 川 lowered calving percentages, 
and to generally high mortality 01 calves 
from birth to wea ning 

The prog ra m includ>?s invest啥叫 lons
01 to圳 c plant p roblems , selected disease 
agen ts , and the Texas A&M hemoparasite 
proJect 

Toxic Plants 

The study of enzootic hematuria , prob 
ably caused bγbracken fern (Pterdium 
equilinum) which ca uses chroni c bJood 

loss in the ur inÐ ry bladder , continued 
Calves on pastures which in the past 
had produced a high incidence 01 th, 
disease were studied fo r eight months 
While at least one 0 1 them developed 
the di sease , no changes in the serum 
va lues measured were observ;?d which 
might give an indication of the etiologic 
agen t. The study 01 thi s di sease was d時，
continued. There is nQ dou b' t that it 
causes severe losses in intermediate ele 
va tion areas , but it is no t a problem 
in the tropica l lowlands 

Toxic plant studi es con tinued 自 n Tu
ripana . The weed Anamu (Petiveria 
alliacea) was identified as one respon 
s ible lor a syndro l11e locally called "va
cas c aidas九 which is charac terized by 
lack of coordination and muscular dys
trophy , particularly in calves 

A preliminary inves tigation wh ich 
tried to associate the weed "Rosa vie
ja" (Lantana camara) wi'th photosensi 
tivi ty (piel caida) was unsuccessfυ1 ， 
probabl y because of lack ,,1 sunlight 
during th e leeding trials 

Selected Disease Agents 

The search for the rQute of the infec 
tion w ith Vesicular Stomδtitis Virus 
(VSV) continued on a far m near Popa 
yan . Despite a 40-yea r kn ow ledge 01 the 
tWQ virus types in 'th 問 grou戶， the sou rce 
o f the virus În nat ure and the route of 
in f.ection are not known. In related s tu:ly 
with VS viru s, no evidence was found 
that b。圳ne leuζocytes play a role in the 
pathogenesis of VSV infection in thc 
bovine 

A preliminary invest igati on of bovine 
papillomatosis on a large farm in An 
tloqυia ， where 'this viral infection leads 
to a cancerous condition which causes 
severe losses of livestock , concluded 
that the problem seems to be only 01 
local importance 

During 1971 a serum bδnk was estab 
lished and a t year-end somo 3,000 
specimens we re stored 
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Texas A&M 80vine Hemoparasitic 
Disease Project 

B。圳ne anaplasm肘，丸 babesiosis and 
t rypanosom ia s悶 are arthropod-transmit 
ted blood d時eases whìch are associated 
w川、 e; 'ther anemia and death o r large 
production losses in sυrviv ing cðttle , 
particularly in tropical areas 

Hemoparasitic disease research and 
training continued at the ICA-LI MV re 
search laboratory in 8090ta until Sep 
tember , 1971 , when the u門 i t was mov:d 
to CIAT 

The infective agen ts of bovine ðna 
pJasmosis (Anaplasma margínale ), ba 
besios時 ( 8abesia argentina and 8abesia 
bigemìna) and 'Iryponosom iasis (Trypa
nosoma vívax , Trypano5oma evansil) 
were isolated and pur刊 ied from spon 
taneous bovi ne field cases. The purified 
isolates were stored by a low temper
ature method and used in Jaboratory 
ðnd field experiments. Ultrastructural 
studies we re performed on B. bigemina 
ðnd T. vìvax for compa rative pu rp自由

Micr0scopic and serologic diagnostic 
methods were developed and app l 時d on 
ð limited sca le to the study 01 'the in 
cidencc ùnd prevalence of hemoparasitic 
diseases of catt le in Colombia. The sur 
vey made of these infections in Colom
bia has clearly identilied the problem 
areas , as well as the clean areas. The 
correlation o f Anaplasma and Babesìa 

'fhc .prCl)aralkm of sUdcs of 1J1ood parasitcs 

incidence with va r ious climatic zones 
revea!s a pattern which wou ld pr。圳de
valid information for all parts of Latin 
America 

Pathogenesis studies of single and 
multiple hemoparasitic infections ìn cat
t!e havc signifìcantly elabcrated cn th~ 
virulence , disease mechanisms and host 
reaction to the causa tive agents 

Resea rch demostrates th剖 premun卜

tion (inlec ted b lood and drug therapy) 
is the method of choice at the presen t 
time to prevent c linica l anap l asm。剖S

and babesiosis in Colombia. Thi s infor 
mation is being used in field trials at 
Turipana . The use of premunition has , 
under ccntrolled conditions , eliminated 
deaths in ca ttle moved into cndem ic 
zones , and th. techn iqυes developed lor 
prem un ition are safe 

E xperirr、ents were condυcled to eval 
uate the prophy laxis , therapy , effect , 
dosage , rOute of ir、oculatÎon ， toxici ty 
and response of the ðnima!s injected 
with new drugs for anaplasmosis and 
babes的sis . The sγnergis.tic effects of 
comb:ned d rug therapy ùre currently 
in US2 in Colombia as a treatmen't t。
moderate Anaplasma and Babesia pre 
munizing infec t怕的

Experiments were execu led 怕 iden
tily arthropod vec tors 0 1 anaplasm白IS
ùnd babesiosis. Boophilus microplus, a 
tick , was identified as the principal vec
tor . The licks hav~ been pur ified and 
malnta川ed under laboratory conditions 
The vector of bovine trypanosomiasis 
was n叫 iden'tilied

AUempts were made 10 develop cf
fective di luted infectzd blood , irradi a 
ticn ðtt-e nuated , ki lled , and adjuvðnt 
vacCtnes t。∞ntro l hemopa rasi ti c d悶
eases of catt\e . Under experimenta l ∞n 
diti C' n:: , some of these vaccines have ex 
h ibi.ted promising results for further 
study and applicat;on 
~~me of the projects in progress in 

clude the fo llowing: In vitro cultivation 
of Babesia bigemina , deve lopment of a 
Babesia vaccine uti l山 n9 infected tick t is 
sues , development of a f luorescent an 
tibody diagnostic test lor b。圳ne try
panosomras凹 ， analysis and compari宇on
of Babesia antigens , development ofδ 
8abesia rapid card agglu.tinations test , 



study of stra in i mmυn l 句， st lJdy 0 1 the in the north coas t has been p lanned 
effec t 01 rnolasses grass on tick popu- for 1972 
!Dtions , and others 

AGR ICULTURAL ECONOM ICS 

Economics of Production and Marketing 

The agricυI t ural economists worked 
closely wlth anima l scie nti s ts. Besides 
collaboration on experimental designs , 
a major research project was initiated 
and l wo projects we,e planned in 1972 

Colombian 8eef Cattl~ Seetor . A re
search p roject aimed at dεscribing the 
Colombian beef ca ttle sec tor is in pro
gress. The prìmary objective is to pro 
duce informatio n on 't he ba sis of whic h 
the CIAT beef cattle program rn.γest .b
li sh guideli nes for futu re activìties. In 
addi'tion to s-e rving CIAT, the informa
tion will be useful to o ther national ancl 
川ternational agencies in establishing 
guidelines for c redit , tec hnical assi stance 
and ge neral publi c policy 口!:. u :o:

B.s呵 info rmaticn is obtdined from 
surveys amcng beef cattle producers 
The informa tion sough t includes such 
O1 atte rs as managemen t practices wit h 
respec't to cattle and pas tures , credi t, 
technica l ass ist ;:mce and marl惜tlng

A survey has been carried 0υt a01o ;1g 
487 ranchers in the no rt h coast region 
01 Colombia. The da ta are present lγ 
be ing ana lyzed . Tentative results indi ca te 
that for the no r'th coas t region average 
cal ving rates are abou t 6 1 for aJl farms , 
wi th 訓 igh tl y lower rates (55) for larms 
larger than 500 ha , and 62 for I.rms 
less than 500 ha . Varia tio n among zones 
in the r呵ion is Irom 36 to 80 

General rates o f morta lity in th :: rc-
9i on range from 2 . 2 10 10; the average 
for t he region is est imated to be 4 . A 
percen L Higher mortalitγ rates are as
sociated w;th smaller farms 

Stocking rates vary Irom 1.3 head 
per hectare to nea rlγ2 per hectare with 
the average being about 1.5 head pe r 
hectare 

Cost of production . An in-dep th anal. 
ysi s 01 the cost 01 producing beel ca ttle 

AGR ICULTURAL ENGINEERING 

AgrlcυI tura l Engineering and Station 
Operations have prov ided leildersh ip , 
training and supe rv isio n in the imple 
mentat 自C :1 of long spa n fenc ing, irriga
tion , draînage , water supply and pasture 
establishment fo r the cxperiment stû
tio n areas at CIAT to be used il1 beel 
research and beef ca ttle product ic n 

Long span fen ci ng with reinforc3d 
COlìcr的 e corner posts and ho rizonta l 
braces reduced total cos ts and p;-ovided 
rYlorc permanent fencing 

BEEF CATTLE PRODUCTION SYSTEMS 

8eef ca'ttle productio n levels are gen 
erally low in a ll the tropics 01 Latin 
Ameri曰， particularly in latosolic g rass 
land areas in the Colombian lIanos and 
the Ca mpo Cerrado c f Brazil . Prelim 卜
nary cvidence indicates that produ ctivi ty 
and p;oli tability cou ld be subs tanti a lly 
increased using sound pasture manag'3-

ment , feedin日， breeding and herd health 
prùctic凹， and using some improved pas
ture 

AII CIAT b.ef catt le research pro i~ct ， 
a re d irec ted towards contributing tech. 
nologγfc r the development 01 complete 
beef ca ttle production sys'tems 川 the
tropi臼 This techno logγ ， combined wi th 
available knowledge , will be used in de
termining productivity and profitabüi ty 
。f var ious lile-cycle beel catt le produc
tion 5γs tems 

In collaboration with ICA a t Ca r i rr、 a
gua , a se ries o f nine beef cattle produc
Î' ion herds using grade Zeb us native t。
thc area were established 10 compare 
va ryl ng I nten別 ty beef cattle p roduction 
sy叫em s. Comparisons include (1) tr a
ditional versus improved cattle and pas
ture management systems , (2 ) na tive 
9月ss versus native plus some improved 
grass (Melinis minutiflora ) ve rsus all 
improved grass (Melinis minutiflora J, 
( 3) continual back crossing with Zebu 
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bulls versus rotational cross breeding 
υsing Zebυand San Martine巾， a local 
breed , (4) m ineral supplementation 
versus no mineral supplementation on 
native grass , and (5) effect 01 contin
uous versus seasonal breeding on calv 
ing percentage. In addition , the effects 
of protein and energy suppleme門 tation
。n reproduct 叫e perfo rmance of cows 
grazing native , native-Melinis minutifl。
ra and Melinis minutiflora pastures will 
be determined by providing supplemen 
tal feecl for a portìon of the cows in 
selected herds on these three pastυre 

systems 
This study will use 324 heilers a 門d

approximatelγ2 ，500 hectares 01 pasture 
Ouration of 'the experiment wìU be 打 ve
to six years. A similar replìcation of 
this experiment will be established in 
la'te 1972 and early 1973 

TRAINING AND COMMUNICATION 

Specific training obj.ectives inclυde 

training of livestock specialists qualified 
to analyza, program , ilγlplement and su 
pervise livestock enterprises; in-service 
type training in a specific area 10 better 
cqu中 various livestock specialists to 
direct research and training programs in 
their specia l'tγareas; and direction of 
thes悶 research of selected graduate 
students 

Other trainees. S~nce the inception of 
the beef cattle program in m地 1969 ，
nine postgraduate internsδnd live grad
uate s~udent thesis research projects 
have been completed ìn pastυres and 
forages , anìmal husbandry and animal 
health. These trainees have come from 
Colombia , Ecuador , Brazil , Costa Rica 
and the Netherlands 

Texas A&M. Two Colombian and eight 
North American veterinarians have re 
ceived advanced training in tropical 
veterinary medicine with emphasis on 
bovine hemoparasitic diseases. Of the 
ten veterinarians , three have received 
Ihe Master of Science degree and one 
the Doctor 01 Philosophγdegree 
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Outreach 

Members 01 the beel cattle team have 
V悶 ited Mexico, Venezuela , Ecuador , 
Peru , Bolivia and Brazil 10 select 
trainees , provide technical counsel and 
10 become familiar with the livestock 
industries 

A unified program of plant introduc
tion and evaluation has been arranged 
in collaboration with nationa! pasture 
and lorages programs 01 Boliv 悶， Co 
lombia, Ecuador, Peru and Venezuela 
Because of international interests , CIAT 
has an opportunitγ10 coordinate the 
缸ienl 刊 ic assessment of potentially valu
able forage and fodder species , maintain 
a germ plasm bank , and take care of 
Ihe dissemination of promising forage 
specles 

The CIAT beel cattle team is a mem
ber of a Technical Advisory Committee 
for the INIAP Beel Cattle Program 

Papers were presented by CIAT staff 
members at the third meeting of the 
Latin American Association of AnÎmal 
Production (ALPA) in B。目。 ta ， δnd a't 
the World Congress 01 Veterinary Medi
cine and Animal Husbandry held in 
Mexico City. Dr. Osvaldo Paladin缸，
CIAT Animal Scientist , was elected 
president 01 ALPA 

Members 01 the CIAT hemopara s ite 
project established a scientific working 
relationship with members of the Insti
tuto Veterìnario de Investigaciones Tro 
picales y de Altura (IVITA) located at 
Lima , Peru and with members of the East 
African Veterinary Research Organiza 
tion Iccated at Muguga , Kenya . Emphasis 
was placed on a strong internationa\ 
working relationship in the field of 
bovine hemoparasitic dìseases 

A CIAT staff member presented a 
serìes of lectures on the nυtrition of 
graz ing animals in an inten日 ve beef 
ca'tt\e nutrition course held in Turrialba , 
Costa Rica . This short course was de
siged fo r investigators 自 n universities 
and nationa\ research institutes 



Production 
Systems 

The 1971 Cas sava Program continued 
to establish and evaluate Manit叩t
esculenta variability . Thi s w ill be used 
in development or selection of varieties 
\\I ith improved resistance to disease and 
insects and having desirabJe agronomic 
characteristics. The variability of types 
is being studied 10 ascer't a川 the p05-
別b汁 ity of us ing cultυral practices which 
wi ll increase the amou nt of cassava 
produced per unit of land per unit of 
time. 5mall plant types which mature 
early offer the potent 抽 1 for equðl total 
productiv ity w hen compared w ith la'峙，
more vigoro us types. But these will 
probably require modifications in plant 
populations , fertiJization , and harvest 
time 

Rainfall during 1971 Wð5 con5iderabl y 
above normal and resu l個d in high Wδter 
tables in SQme experimen tal areas . Since 
cassava cannot tolerate satura'ted soil 
conditions , the heavy rainfall caused 
root spoilage and the 105S ofγield and 
root developmental data from many 
cultivars 

An infection cau sed by a bacteria 
t-e ntatiyely identified as Pseudomonas 
sp. occurred in the collection and in 
crea5e plot s. Th閃 bac'terial wilt is 
common 川。ther areas of Colombia but 
had not recently been found in the 
Cauca Valley. To prevent the p055ible 
sp read of the disease to commerCÎal 

productìon fields and other cassava 
collecticns in the area , a yigorous at
tempt was made to eliminate the dis 
ease 

Experimental work ind時的ed the bðC 
teria are foυnd mainly in the n。仆
l ign刊 ied stem 't issue, and cutting back 
plant5 below the infecti o n along with 
。ther sanitation practices reduced the 
amount of infection. AII experimental 
trials , increase plots and bυIk f陪Id5 and 
all b山 four plants from each collection 
were destroyed . These remaining plants 
were cut 50 cm from the ground and 
the top material destroyed . AII refu5e 
material was cleaned from the areas and 
the regrowth observed at least twice a 
week for re附 fe凹的n. Any reinfected 
plants were then either destroyed or 
cu't back to ground level 

Reinfection was found in ab。υt 10-15 
percent of the plÐnts , but with the 
coming of the dry 5ea50n the biweekly 
inspection showed a considerable reduc
tion in number of reinfected plants. The 
eradication of the bacteria necessitated 
a reduction in o ther act叫ities with in 
the prog ram . W川、 the decreased occur 
rence o f infected plants , in-depth re
search efforts are being renewed 

Areas where work has been conduc ted 
with cassava in 1 中 71 include agricultur
al engineering，呵ricultural economi白，
何ronomy and ge rm plasm evaluation , 
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C'"'"l~c:nologï ， (j ~ allt patholcgy, and weecJ 
cc 、!rol

Agricultural Engineering 

In cooperation wîth agricultural en. 
g l neenn日， station operations and agron. 
。my， a Jow cost cassava chipper simi lar 
10 a type used in Tha iland was design是d
ðnd buill (Fig. 1) . Thi5 prololype 
chipper uses a barrel end as a rotatir、9
graler (Fig. 2) which is ðllached 10 ð 
power shaf.: driven by a tractor powei 
lðke-off. The 'totðl c051 01 Ihi5 chipper 
wð5 le55 thðn US$I 00. Fulure models 
could pos5 ibly be buill lor le55 Ihan $50 
w ithout the power uni t. Ã gasoline 
engine o r electric motor ca n readily 
s.erve as a I=ower s。υrce. A hand pcwcred 
υnît will be tested where cassava needs 
are limitεd Or where lack 01 capital 
prevents a greaier IIl vestment 
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FIG.2. Close.up or the ca.ssava 
chipper blade made from 
the end or a 55.galloJl oil 
drum 

FIG. 1. Testing the “barrel head" 
cassava chipper, which 
uses n tractor ror po、.e.



Li mi 'ted tests of the chipper indicate 
a caracily belween 1,500 and 2,000 kg 01 
frcsh roots per hour. The machine pro~ 
duced chips or Ilakes aboul 1 1/ 4 cm 
wide, les s Ihan 1/ 2 cm Ih ick wilh a 
variable lenglh. The Ihickness 0 1 the 
ch ip will depend on the size opening of 
the ho le in the chipper blade 

Because the cutting edges of the chip~ 
pe r are nct sharp , there appears to be 
a tearing ac'ti。門。n the ch巾， which may 
lead to a lasler drying rale . Ch 自 ps spread 
。n a concrete floor in full sunlight are 
drîed to a moisture content of 15 per 
cent in one day 

Agriculturùl engineering gave techn卜
cal advice and operating support to the 
Cassava Program on the determÎnatÎon 
01 spec刊 ic gravity, hea't treatment of 
seed pieces , and descriptÎon of the rool 
distribution of the plan t. In addÎtÎon , 
equ1pme門 I was provided lor bed mak 
ing , irrigation , drainage , transport of 
cas~ava ， δnd for erðdication of diseased 
cassava w吋hin the quarantine zone 

Agricultural Economics 

Thz following economic studi es relat~ 
ing to Célssava were conducted 

1 , A comp ila'l io n 01 FAO dala lor the 
lasl 10 years which 川dicates the pro~ 
dυcti0n ， yÎeld and production per capita 
。f cassava on a world , regiona 1 a門d
country basis. The datδsuggesl Ihal 
although tctal cassava production c. on 
tinues tc increase , it tends to do so less 
rapi dly Ihan populalion 

2. A survey of cassava production 
methods in Colombia was started il1 

197 1; resu lts from 110 questionnaires 
indicate the following tentative results 
Production per hect are per month wherc 
ca ssava is cultivated on relatively flat 
land is posilively correla'led wi lh : (a) 
Ihe praclice cf hilling cassava , (b) ler
l ilizer , (c) land quality , (d) seed qυalily 
and availability of credit. At the same 
time , plowing, numbe r of plants per 
hectare and weeding seemed to have' n。
effect onγield. Only on s loping land 
does p!owing appear to have a pos山ve

effect on yield per heclare , Seed piece 
placement , i. e . , horizontal o r s lanted , 
did not seem to affec t productÎon on 
e ;lher sloping or I lal land 

Production Cústs appear to be equal 
。n bOlh Ilat and sloping la nd with 
techniques curren tly used. Although 
land preparati c門 and seeding costs are 
higher on sloping land 'Ihan on Ilal , 
seed costs , weed ing , ferti lizer, and vigi 
lance costs are lower 

3. Other studies in progress include 
an evaluation of cass aVð-stδrch plants 
in Colombia , and a detailed evaluation 
of cost components involved În cassava 
production 

Agronomy and Germ Plasm Evaluation 

The germ plasm colleclion 01 approx
imately 2,800 cultivars is being cata 
logued . Some agronomic characters , 
under condilions at 'Ihe CIAT larm , 
were no led at 9-10 monlhs after plant
ing on approximatelγ550 varieties in 
non-rep1i cated three-row plots. Ll anera 
was planled every lifteenlh plot as a 
test variety 

Fcw var ieties produced a h igherγ時 Id
than Llanera . Many va rie'ties produced 
a greater lo lal planl weight bul had a 
less desirable ratio between roots and 
tops. Fresh weight harvest inde)( 
( 100 x rool weighl ..;- lotal planl 
weight fresh w凹gh l harvesl index) 
varied from less .than 5υp to 78. The 
ha rvesl index 01 Ll anera (60-65 ) is 
greater than the ave rags for most vari
elies tesled (35-45) , Preliminary anal
ysis indicates thδt high yields are as
sociated with a high harvest index. Some 
varieties with a parlicularly vigorous top 
9rowth and a low harves t 川dex gave 
highγields (T able 1 ) 

Thc colleclions wilh high ha附sl
indices are highly variable, differing in 
brδnching ， leaf type, root distrîbutíon 
and shape. Some of thcse lines are now 
bei ng multiplied for further testinq 
under dt her c limatic conditions an(1 
cu ltural practices 
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TABLE 1. Fresh weight harvest index, root and top weight of selected Colombian 
cassava cultlva凹，

Fresh weight per p!ant ( kg) 
Roots Aerial Parls 

Fresh weigh t 
Harves t Index 

CoEection N 0 

6.3 
8.0 
9.4 
9.5 
8 .7 
7 .0 
6.6 
5.8 
5.4 
2.6 
3.2 ' 
1. 7 
5 .3 

。 5
3.9 
4 .8 
5 .6 
5.5 
5.4 
6.6 
日 B

7.0 
5 .3 
4 .9 t 

5 . 1 
3.9 

7.3 
32.7 
33 .8 
37. 1 
38.7 
43.5 
50.0 
54.0 
56.4 
59.6 
60 . 0。
75. 0 
42.5 

3 
2 

36 
9 

12 
73 
自 1

71 
35 
22 

Llanera. 
68 

121 cultivars Ave 

Roots from Ll anera plants grown on 
soil fe r'tilized at two rates and an 
unfert ilized s印 I were divided accord ing 
to 5ize by weight and analY5ed lor 
den5ity and dry matter (Table 3). 80th 
density and dry matter in roots weighing 
more than 250 gram5 Irom the fertil
ized plot s were essentially the same for 
all 5日e claSSe5. ROOt5 01 less than 250 
grams were 5啥叫“cantly lower (0.05 
level) in den5ity and dry ma'tter than 
th05e larger 

Fertilizer application significantly 
lowered den5ity 01 the root5 produced 

芷江ean of 0 plots 

Dens ity and d ry matter are commonly 
used to estimate starch w itho ut do ing 
the detailed and time-cons uming chem卜
cal analyses. Density was determined fo r 
individual roots from each of fi ve 
Llanera plants harvested from fertilized 
and unfe r'tilized 50il (Table 2). The 
range in individual rool density from a 
s ingle plant was greater than the range 
in average densities between plant s 
Roots from unfertilized plants had a 
higher den5ity than fertilized root5. The 
diHerence was small but significant at 
a 0.10 level 

TABLE 2 . Average Llanera r -oot density per plant and range of density for 
individual 1'oots harvest from fertilized and unfertilized plots 

Not Fertilized 
Plant Average Ran:;e in 

Individual roots 

Densilv 

Range in 
Individu a1. 1'oots 

Fertil ized 1 
Plant Averagε Plant 

N9 

12ls4 loz11 1III-lll-
一
-
-
-
-

06432 88607 0oolo --lli 
1. 087 
1. 079 
1. 089 
1. 087 
1.087 

Average 1 . 087 ~ 

1. Fcrtili 'Zatìon rate of 00.60.120 kg of N, P10‘ and K,O respectively 
Differcnce is significant <'1 1 Ihe 0.10 level 

1. 103 
1. 093 
1. 094 
1. 107 
1.092 

1. 098' 

1. 068- 1. 104 
1. 069-1. 095 
1. 076- 1. 103 
1.081-1 .095 
1. 078- 1. 095 

I2345 

28 



Dry matter differences showed the same 
trend but this was not significan t. The 
greater vari肘ion in dry matter 悶 prob
ably assocìated wi'th sampling proce 
dυres. Approximately three kilograms of 
several root s were used for density 
analysis compared wit h only 5。一250
9月m samples for d ry matler determina 
lion . The larger sampJes permitted an 
averaging of variability from several 
roots 

Root samples Irom more than 100 01 
the more desirable collections were 
taken to a small extracting uni't 10 esti 
mate the amoυnt 01 "indυstr i al" starch 
cxtracted by commerc ial sys tems pres 
ently used ìn Colombia. These facilities 
lor extracting starch , locally called 
"ralladero" , have a rool capacity of Iw。
10 Ihree tons per day with 引mp峙I low
cost , loca llγbuilt equipmen t. In the 
cxtract ion of starch , the roots are hand 
peeled , washed and then grated with a 
rotating rasp whee l driven by a small 
gasoline engine or electric m。∞r. After 
grating , the pυIp is pu't into a perforated 
rotating drum lined with a cloth screen 
Water is added to the material as the 
drum rota tes and the starch Îs washed 

Doctor Pierre SUvestre, 
France (left) and Dr 
Efraim Hernande:z X., 
Me:dco, discuss culHvars 
from CIAT coUect1 on 
during a recent cassava 

conrerence 

。u t into a large tank while the fiber or 
pulp of the root ìs re'tained in the drum 
After the suspended starch settles , the 
water is drained and the starch is sun
dried immediately or left to ferment 叭
a tile-lined tank 15-30 days belore sun 
drγing. The starch , either fresh or fer
mented , is used by numerous small 
bakeries throughou't the area for spe 
cia !ized bread and other products 

A comparison of starch extracted in 
the "commercial system" and the starch 
content as determined by using a con 
version factor for either dry matter or 
density indicates the am。υnt of s'tarch 
obta ined in processing was more closely 
predicted by conversion from density 
measurements than from dry matter 
evaluationυsing a "standard" con
vers ion factor (Table 4). Cours's I con 
version table for density provided a 
fairly accurate evaluation ; however, 
extrac'tion of starch from some cultivars 
悶 probably more difficuft , resulting in 
variations from the ;J redicated value, as 
is shown by sample numbers 57 and 24 

1. ~ours. G. 1 9日 Le Manioc a Mad í\gascar 
Memoires dc L1nstitut Scientifique de M.1 

dôlsaSC <:l r , Tome III , scric B.. p. 337 
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TABLE 3 . Effeclof fertilizer and root size on cassava root density and dry 
matter. 

Ferlîlizer treatmenl 1 

Root size HIgh D Medîum None 
gms Density D.M . Density D.M Densi ty D.M 

250 1. 066 25 .4 1. 074 28 .1 1. 09日 35.4 
251- 500 1. 08日 30 .5 1. 079 33 .7 1. 094 30.6 
501- 750 1.085 33.6 1 日90 35 .2 1.103 32.6 
可5 1- I,GOO 1.087 32 .8 1. 092 32 . J 1 日96 37.6 

1,000 + 1. 038 31. D 1. 097 32 .5 1. 035 31. 1 

Ave 1. 083 30.8 1. 086 32 .3 1.097 33 .5 

t Fertilizer trC3tments 
Eigh: 120.120.240 kg of N. P10 月 and Kβrespectively per hectarc applieci prep)ant and 
incorporated 
Medium: 60 個 120 kg of N, P,O , and K10 respectivcly por hectare applicd preplant and 
incorporated 

Approximately 850 root samples werc 
co llected and prepared lor laboralorγ 

ana lysis for nitrogen , the majority of 
the cultivars having a nitrogen content in 
a range 01 0.08 100.56 percen t. Ll anera 
ccn引 stent l y 悶。ne 01 the highest in 
crude prot剖n content wìth about 6 per
cent , although severa l other cultivars 
were found with intermediate to a lmost 
equa l levels of nitrogen. Ll anera , how
ever , was thc only cultivar which was 
agronomically satisfacto ry under the 
conditions tested . Ana lysis 01 addilionòl 
cultì vars is in p rog ress toge'ther with 
studies on protein compo引 tion and 
feeding va lue 

Entomology 

Studies are underway on the identi ~ 

fìcation , biology, distribu tion , economic 
importan白， etc ., of cassava pests. The 
pre lìmi nary review of world literature 
on cessava pests shows tha't there are 
about 100 species cf arthropods pro
ducing differenl types 01 damages 10 
cassava. From these species , 37 cccur 
in Brazil and 17 in Colombia. The most 
important pests cf cassava in Latin 
AmerÎCa are : E內nnys ello Man . (horn 
worm) , Carp訓。nchaea chalibea Widem 
(shool Ily ), Coeloste.rnυs spp. (slem 
borer) and Mononychus planky (spider 
mite) 
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Preliminary wcrk on the s hoot flγ 
indicated tha't 15 percen l bud damòge 
repre~ents a population threshold level 
of economìc importance. Control ís 
easilγ 。 btained by a single spray appli
cation when the level of damage is less 
than 15 percen t. More chemical app li
cations are needed when damage ex 
ceeds 15 percen t. Differences in varietal 
suscεptibi lity are shown thr。υgh the 
high res叫叩開 of Ll anera compared 
with c 't her Colombian varie ties 

Studies of the horn worm indicate:1 
that leal shape could play an importònl 
role on t :1e preference of thz inse::t for 
oviposition . Two larva parasites , two 
predators and a bacteria l disease have 
been 1。υnd to check this pest under 
field conditicns . Future work w ill 川
volve evalua'tion of econom悶 Imporl anc~
of various insecl pests and the scre(.ming 
of insecti cides to give emergency insect 
control alon9 with the long range con 
trol through resistant varieties and 
biclogical conlrol systems 

Plant Pathology 

Quarantine: A total cf 705 cu llìvars 
from five countries was heat treated and 
observed at the ICA Tibaitata Experi 
ment Station in 80gota before transfer 
to CIAT. Sixty came from Puerto Rico , 

76 Irom Ecuador , 326 Irom Venezuela , 
176 frcm Peru , and 67 from Mexico . The 
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TA BLE 4 , Comparison of starch extracted by a “Ralladero" with percent 
calculated based On dry matter and density determinaHons (or 10 
cultivars of cassava. 

Starch 
Dry Matter Basis Density Basis:! 

Cultiva l' extracted by Total IndustriaJ 
N。 ralladero Dry Matter Starch 1 Density Starch Starch 

。呵。 。\10 % 她 g，;‘丸' % 

M-Col 10 25 43.8 37.0 1.162 32.6 27.4 
19 25 42.6 35.8 1. 142 28 .1 22. 3 
24 14 40 .3 33.5 1. 151 30 . I 24.5 
39 23 43.0 37 .2 1. 144 28 , 5 22.7 
41 23 41. 2 35.4 1. 146 2<).0 23. 3 
57 9 46 .4 39.6 1.158 31. 7 26. 4 
75 25 43 .3 36. 5 1.138 27 . 1 21. 1 
80 13 35 .6 28.8 1. 107 19 .7 12.7 

103 自 29 .0 22 .2 1. 1(主 19 .3 12.3 
110 15 37 .7 31. 9 1. 109 20 .2 13.3 

Perct:!:1 t starch pcrccnt dry mattcr - 6.8 (f<:lctor fo r p:::eleù roo t5) 
From Hclleman, L. w. , and A. Aten 195G. Processing of Cassava 'ilod Cassava Products 
in Rural [ndustries. F.A.O . Agricult ural Development pJ.per N? 54 , Rom e, Italy, p. 82 

2. From Ccurs. G. 1951. Le Manioc á Madagascar. Memoires do L'Instilut ScîcntHiquc 
de Madagascar Tome III série B: p. 337 

clones from Peru were destroyed when 
common cassava mosaic wa s detec'ted 
in some plant s. A few clones from Ve 
nezuεl a we re aHected w川、 bacte ri a l
d的ease and were also destroyed. Th e 
rest of the Venezuel ù coll ect ion was 
planted at the ICA Expe,iment S tat泊的
ìn Nataima , Espinal , and PalmirÐ. Fìve 
wi ld cassaVÐ species from Venezue悟，
14 cultivars of ya ms , and 40 sw-ze t 
potato va rieties were a lso qυaran't ì ned 
in Tib剖 tata

Viabílity of C'uttings: Ca ssùva cu卜
tings kept a t 4? C fcr 29 daγs failed t。

germina te , w hile cuttin gs rem ained 
viù ble for 65 days wh en stored a t room 
temperature wi't h thc cut ends p ro tected 
with fυng眩 ide . Di pp附9 the ends in wôx 
extended viability to 85 days b ut the 
wa x mu st be removed prior to plant ing 
。r the cutti ngs w ill no t germina te 

Virus Diseases: The common cassava 
mosaic vir us was detected in some of 
the collectjon from Pe ru w ith the elec
trc n m時間scope . 1 t is a flexous rod , 500 
micrcns lo ng an d 15 micro ns wide (Fig 
3). The symptoms in the plant and the 
mc rphology of the virus coincide with 
Ihe common ca ssava mosa ic present in 

Brazil. The African ccmmon mo呵 I C was 
al so compared by elect ron mic r。缸ope
stυdics w ith the Amer ica n common 
m。日ic. No viru s particles were ob. 
served in ultra-thinεections or in 'the 
leaf d ip cf the African m。曰 Îc. Another 
difference between the two mosaics is 
the method of transmi ssion. African 
common m。阻止 i s w hì'te fl y-îransmi tted , 
w hzreas the Amε rican mosaic does not 
ha ve a known vector 

The high thermal-dea th poin, ( 70? C 
10 min) prec ludes a hot wa ter trea t 
ment for control of American com mon 
mosaic; other methods mus t be sough t 

Bacterial Disease: The bacterial d is
ease was stud ied as a doctora l thesis 
through ICA-CIAT and the Universitγ 。f
W肘。ns in cooperation. Fi f't een differe們 t
iso la~es of the pathogen were collected 
in infected plantations from Brazil (Sa。
Paυ10 )， Venezuela , and 10 differen t 
st a tes o f Cclombia. 1, was fo und that 
the penetration of the path ogen wa5 v昀
stomata or 川jured ti ssue and th剖 I t 
induced symptoms of leaf sp。峙， blight , 
dieback and wilting , dependi ng on 
cultìvar susceptibility. Spread ing was 
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mainly by raindrops splashing the bac
terium from plant 10 plant Qr by using 
contaminated tool s. Infections are 
5pread from one crop t。訓。ther through 
'the usc of infected cυtt i ngs 

More than 1300 different cultivars 
from the CIAT collection were inoculated 
with bacteria and 21 cultivars were 
fou nd 10 be resistantj highly resistant 10 
the organisms tested in ðccordance with 
a scale which rated the above men叭。ned
symptoms. Cultivars 642 , 647, 667 , 
1184 , 1155 , and 1079 showed the 
highest resistan ce. Leaf spot invasion did 
not Qccur in cultivars 647 and 667 . No 
cu )tivars showed immυnlty 

Limited tests indicate the pathogen 
was able to survive for 5 1/2 months 
川 necrosed stems , 2 1/ 2 months in 
d悶eased pe't ioles, 35 days in necrosed 
leaves , 20 daγs in sandy-wel 50Î I. These 
trials were conducted in a growth cham
ber maintained at 22' C and 70-80 
percent relative humidity with an 800 
foot-candle light intensity for 12-hour 
photoperiods. N。川fection occurred in 
plants grown on soil which had been 
artificially inoculated six months prev卜
。usly

T。自dentify and chara c'terize the 
cassava bacteria, 26 bìochemical and 
physiological tests were performed wi th 
14 isolates of the cassava bacterium 
The utilization of 19 carbohydrates and 
sugar derivates; 32 fatty acids , decar 
boxylic acids , hydroxy and other acids; 
20 am川。 acids ， 16 aromatic amin。
acids , amines and re!ated comp。υnds;
and 15 nitrogenous subs trates have 
been determined 

Serological s'tudies showed that is。
lates of the caSsava bacterium have a 
similar relationship when agglutination 
and agar-double diffusio門 tests were 
performed. They did not show any 
serological relationship with four iso 
lates o f Erwinia chrysanthemi pathotγpe 
seae , one 時olate of E, chrysanthemi , t w。
isolates of E, caratoyora , nine isolates of 
Pseudomonas solanacearum (three rep
resentatives to each of the three races ), 
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。ne isolate of each of Xanthomonas axo
nopodis , X. malvac~arum ， X. campestris , 
X. pruni , Ðnd six non-pigmented xantho
mona. No Iysìs was observed to rep 
resent iso la tes of 'H、e same specles 111 一
cluded above by an isolated bacterio
phage and a Bdellovibrio sp. whic h 
showed specifici'ty only to the bacterium 
isolates of cassava . Theoretical\y , both 
organ 自 sms could offer biological control 
fo r the cassava bacter悶 evalυatlons

have not been mðde up 10 the present 
In a test using 15 different chema 

therapeutants , the bacterium was resis
tant only to Peni ci llin (10 u g) and 
Macrodantin (100 u g). I't was sensitive 
to dihydro-streptomγcin ， Novobiocin , 
Chloromycetin，的fam戶口n ， BrÎstacicl巾，
Rifam ic巾， Garamicin , and Neomycin 

Fungi Diseases: Phomopsis , an im
portant dìsease of cassava caused bγthe 
fungus Phoma sp. Or Phyllosticta sp. , 
was found in the states of Cauca and 
Valle. Preliminarγ symptoms in young 
seedlings consist of wilting. Longitudinal 
section of infected plants showed dark 
brown s'treaking , leaves that have dark 
brown to black colored lesìons and 
plant s that present a die-back symptom 
somewha t similar to the bacterial dis
ease. The difficulty of making the fungus 
sporυlate 川 the laboratory was over
come through the USe of artificial light , 
。pening the way for massive screenìng 
of the cul 'tivars in the germ plasm 
collection. At lea st two clones observed 
near Popayan (Cauca) under serious 
ep自 phytotic conditlons were highlγre 

slstar、 t

Anthracnose. Necrosis and death of 
the stems were observed in the affected 
plants . The spores produced in the 
lesions were pinkish in color . The dis 
ease Js caυsed by n Gloeosporuím sp 

Glomerella sp. Another cassava dìs 
ease caused bγGlomerella sp. showed 
black canker and white myceliu m on 'th~ 
surface of those cankers 

Ascochyta sp. A disease characterized 
by concentrìc rings in the dark brown 
leaf spots was found in Caldas and Cau 
ca. This disease may be caused by an 



Bacterlal intected cassava showing 何制回l

stem leslons and bacterlal exudate from the 
green , imroature stem or branch 

FIGURE 3. Particles ot cassava mosaic \"irus 
round in Latin America. taken by 
an electron microscope. 

Typical symptoms ot bacterlal wtlt in cassava 
Young叮. fuily mature leaves wiJted and dried 

green on erect peUols. 
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Ascochyta sp. Further s tud悶s for 
charac'terization of these diseases are 
p lanned , a5 well a5 the development of 
mass screening techniques for re剖 s tance

Weed Conlrol 

Little has been done in weed control 
A thorough search of the litera'ture 
y自 elded o nly seven specif ic references to 
weed control , many of them co ntradic 
tory 

Prelim inary resvlt s o f a weed comρb 
tition study in cooperat ion with ICA, 
Turipana , indicate that cassava must be 
kept weed-Iree at lea5 t 45 to 60 day5 t。
avoid competi'ti on losses 

、 ，
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5ince little is known about chem ica l 
selectivity in cassava , plans are to screen 
a large numbe r of herbicides at the po. 
tentiall y safe rates and two an d four 
tìmes these rates to determine selecti vity 
and observe he rb icide injury symptoms 
il 'they appear 

BecaU5e 01 the lo ng grow ing cycle of 
cassava , integrated cont rol is of great 
importance to obtain full sea son con. 
tro l. In the cu lt u ral practices exper i
men峙， effects suc h as row spac ing and 
plant densities should be evalua ted in 
te rms c f the com petiti ve abili'ty of cas
sava . These recommendat的ns 'then mu st 
be inco rporated with economical and 
feasible chemical and j or mechanical 
method5 



Swine 
Production 

Systems 

The Swine Prog月m seeks to help 
increase pork production in the lowland 
tropics by emphasizing the ident ifica 
tion and reso ll泌的n of the major barr;ers 
limiting swine production and the 
'trùining of persons for national swine 
production and research programs 

Small Farm Production Systems 

Most of the pigs in the tropics are 
produced in small herds on 5mall Qr 
subs叫ence farms; level and efficiency 
of prodυction are low. Pig: presently 
su pply a readily av訓 lable income for 
many people in the lowland tropics 
Wìth greater production efficiency the 
prssent $wine population could prodυce 
greater 川come and amounts of ani ma l 
protein w i'th less fee廿

A project to study ways to improve 
the efficiency of swine productíon on 
small farms ha s been launched on the 
north coast of Colombia. Also , initial 
efforts are concentrated in a locality 
representative of many such areas in 'thc 
tr。戶口 The factors which limit eco
nomi c swine production and those which 
limit the introduction of technology and 
improved practices are b制ng stud ied 
The project initially emphasizes three 
pha ses 

1 . De'termination , through field s urveγ， 
。 f the existing level and efficiency 
。f production, hu sband ry practices , 
feeding systems , health problems 

and market systems to estabJish a 
base-reference p。自 nt

2. Introducti on of improved practices 
specificallγdesigned for 10c.1 cond卜
tions to overcome factors identified 
as limiting 戶 roduction. Although "a 
"package system" is env時ioned ， the 
practice will be int roduced gradually 
as a " spiral" approach 

3. Fu ture evaluation of the effect of 
'the introduced systems on produc
tion and income 

The original data indicate an δverage 
of 11 pigs per farm . A herd usually 
includes a sow and 10 p可s ， the ages 
ranging from birth to two years. The 
unimproved na . ive pig (Zungo Pel ado) 
predominates and , although litter size 
and reproductive capacity appear satis
factorγ(about eight pigs born per 
litter ), growth rate is extremelγslow 
Pigs are marketed at 12 10 18 months 
of oge, weighing about 60 kilograms 

Many factors appear 'to influence 
these low prodυction levels , including 
deficient nutrition , heavy infestation of 
jnterna l and externai parasi t'es , poor 
genetic stocks , and inadequate manage
們nen t.

叭叭 normally roam the area for fallen 
fruit , worms , ro。峙I sprou 峙， grass and 
other foods . When they r"lurn home, 
they are fed shelled common corn; if 
corn is scarce , the pigs get small quan
tities of cassava Qr yams. When ava il. 
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S\\ine production offers an opportunity to subsistence fanners or the lowland tropics 
where human ruets are notoriously deficient in proteins and sources of income are very 

scarce. Both ractors rdard progress in these areas 

ab峙， farmers use rice bran as δ supple
ment. Whey from home-made ch~ese is 
fed on some farms , as are sma!! amounts 
or kitc h-en waste. Vitamins , mine
rals and protein are not commonly avail 
ab峙， and where obtainable are seldom 
used because farmers do not appreciate 
their value or do not have 'the monev 
to buy them 

Exam川肘ion of fecal samples and au
topsy of animals have identified para
sites, including lungworms , round
worms , nodular worms , coccod坤， cys
ticercus , and sarcoptic mange . Mùny 
animals cxhibit a general syndrome of 
fatigue , accompaniεd by cough and nasol 
di scharge, and many ck~alhs resul t. The 
cause is not known 

There is \ittle influence of improved 
breedi n9 ma ter i 肘， 'the majority 01 the 
pigs being characterized by wattles and 
lack 01 hair 

A uniform marketing system does not 
exis t. Pigs are so!d by the head to trav 
e Ji ng buyers when cash 時 needed ， and 
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there is little knowledge 01 octual weight 
。 r market va\ue 

Training and Institutional Development 

Eigh't animal scientists from Colom
b惘 I Ecuador, Mexico and the United 
States have received pr。廿 uction and re 
search I:-aining. One scientist is com
pleting a mas'ter 's degree thes阻 and
another a doctorate in international 
animal science at the Universit y of 
I !linois 

The prcducticn tra川 ongρrogram now 
being designed wi l! consist of two parts 
The fjrst six months will be devoted to 
teaching and applying proven produc 
tion procedures and practices . AII train
ees w自 11 complete this period 01 train 
ing whicn will be c。門 sidered as adequate 
for extension agents and universitγ 
personnel who will teach 5wine pro 
duction. After completion of the ini
tial tra叭 ing period , those involved in 
national research will receive addi'tional 
training in experìmenta\ design , analysis 



01 resul'ts and the preparalion and pre
sentation o f extens的n and research ma
terial 

The training programs are of va lue 
only if those trained return to their 
countries to work within effective na
tional 間的 itutions. Collaborative work 
with INIAP in Ecuodor ha5 been 5υc 

cessful. The swine programs at Sant。
Domingo and Santa Catalina , developing 
rapidly, are contributing to the national 
industry. Two members 01 the Ecuado
rian prcgram will complete master 's 
degrees in early 1972. Plans are to de
velop a third swine unit at the 801 i
che Sta'tion 

Efforts in 1971 helped initiate 5wine 
research and training facilities in 亡。5ta
Rica , Bolivia and Peru. In Bolivia , there 
will be a production and teaching la
cility ðnd herd at the "José Benjamín 
Burela" Nationa l Colloge 01 Veterinarγ 
Medicine, Santa Cruz. In Peru , prelim 卜
nary studies have been made for a sw ine 
resea rch unit at the IVITA Station at 
Pucallpa. The program , supported by the 
University of San Marcos , w ill be ini. 
tiated in 1972. Collaborative breeding 
and nutrition st udies continued 川 ICA ，
Colombia , facilitìes 

Feeds and Swine Feeding Syslems 

Mater也 Is available for swine feed ing 
in the tropics are diverse in type and 
qυalitγEnergy sources presen tly avail 
able 川clude maize, sorghum , sugar , m。
la sses , cassava , bananas , plant ains , 
yams , swe,-et potatoes and rice bran and 
polishings_ Est ima'tes of future rice pro 
duction increases indicate that this 
grain may al so be considered for υse 
In sWlne ratlons 

Cassava: Cassava and cassava meal 
are a valuable energy source for sw叭e
Although sat悶factory resυ It s are ob 
tained , analyses indica t-e that the pres. 
ence or absence of some factor of fact ors 
influence 怖e optimal use of this food 
The ni'trogen and glycoside fractions are 
being studied 

Studie5 by CIAT personnel at the Uni
versidad del Valle indicate that approx 卜
mately 40 perce叫。f the nitrogen pres 

ent in cassava is protein nitrogen , thz 
remainder being non-protein nitrogen 
Fernando Calderón , a Costa Rican stu 
dent at the Uni versi ty of Florida , is mak
ing a mcre deta i!ed evaluation of the 
nitrogen fraction and will continue p:-o
te川 eva: ua tion studies at CIAT in 1972 
as a thesis project 

Swine and p。υItry studies demonstrat
ed that methionine supplementation of 
diets containing high level s of cassava 
signjficantly improves growth and feed 
efficiency. Although cassava is delicient 
ìn methion ine, these results might no t 
be expected in view of o ther results with 
sUQar based diet s which indica'te that the 
methionine level of soybean meal Îs ad-e 
quate for opt imum g rowth when used 
as the only source of protein _ However , 
additional methionine is necessary to 
support the best gains when cassava 
meal prepared Irom the Ll anera variety 
is used as thc major energy source 

Thi s nε-3d for additional methioni 門e
may be í.: he resul't of 門 activation of the 
methio川ne by the hydrocyanic acid 
(HCN) preεent in the cassava. Although 
definitive published results are not avail 
able , some informa'tion related to the 
cassava-eating population of Africa in~ 
dicates that thi c-cyan ates are present in 
the b lood and ur ine of Cðssava-consum
In9 humans , and goiter develops after 
long ,c.eriods of cassava consun、ption . If 
the low level cl HCN present in the 
cocked caεsava combines i 門 the 1 iver 
with the su llur Irom meth的nine and 
cyst ine to fo rm a th的cyana 悟， this would 
explain both the need lor supplemental 
meth ionine and the development o f 
goi'ter 

Thiocyanate formation in rats fed cas
sava with high levels 01 HCN is being 
measur~d. Urine and blood serum sam
ples are being analγzed for the presence 
01 th向cyanates ， and nerve and thyroid 
ti ssue will be studied histopathologically 
to assess any morphological changes 
from HCN toxicity . Dìe ts containing 
sugar or dried ca ssava are included as 
controls for measuring toxic effects of 
fresh cassava wh陀h is high in HCN 

Pre 1i minary resu !ts indica'te that the 

37 



ccnsumption of cassava containing h旬h
。r low levels 01 HCN will delinitely 
increase the normûl 。υtput 01 thio 
cyanates by the ra t. The liver appears 
to be the site 01 HCN det。別fication
Within this organ the CN- 01 hydro
cyanic acid combines with su lfur and 
probably iodine and potassium 。
form thiocyanates. As the level 01 thio 
cyana'tes builds up in the blood st ream , 
it is excreted by the kidney and appears 
in the urine 

The n0rmal level of thiocyanate ex. 
cretion by rats on diets con taininq no 
HCN is approximatelγ0 . 11 mq (mea 
su red as potassium thiccyana'te)ρer 
day , Similar groups of rats fed diets 
conta叭叭9 dried cassava meal preoared 
from L1anera roots conta叭叭Q low I ~ve l s 

01 HCN excreted 0.4日 mg per day. When 
fresh cassava ccntaininQ hiQh levels of 
HCN was led to rats , the level 01 俑'0-
cyanate excretion was increased 10 3 .70 
m9 or 8 times the dried ca ssava die'ls 
and 33 times tha't 01 the control diet 
based on sucrose 

The total siqnificance of thiocyanate 
production and exc retion based on diets 
containing HCN is notγet known. But 
frcm prevìous report s and these resul 峙，
it does appear 'that HCN per se can 
increase sulfur aminc acid requirements 
( methionine and cγstine) of non-rυ川，
nant animals by deactivating the amin。
acid bv combining w川h the sul fur por
tion. Thiocvana tes thus formed can fur. 
ther interfere with íodine uptake 
throuQh the lormation 01 的dine com. 
pounds and , therel。舟， play an impor. 
tant rcle in Çloiter prodυctlon 

Bananas : Collaborative research with 
INI AP in Ecuador has demons trated the 
usefulness of bananas ~s a source for 
growinq-fini shìn何 ， Çlestation and lacta. 
ti on. Althcugh fresh , ripe bananas a rQ: 

an excellent source of energy for grow
ing.finishing and gesta'tion , they can
not be used effectively during lactation , 

and , 'therel。時， d ried gr朋n banana meal 
must be υsed to supply the maior por
t ion of the ralion. Oried ripe bananas 
are not common!y used because of dry. 
Îng difficulties 
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Ripe bananas supported faster and 
more efficient and econc-mical gains 
than green bananas. Other studies foc us 
on the lactors responsible lor these d刊
ferences 川 leeding value because 01 dil
ferences in ripeness. Pair feeding stυdies 
with INIAP (Santa Catalina , Ecuador) 
derr、。n s trùte that the feeding value 01 
both ripe and grEen bananas are similar 
if the pig consurnes equal quantities of 
cach bð l1 a:lð. Sim î! ar groups of pigs 
were daily fr.:d equal quðntities of either 
ripe or g rC[;1 bananils along with equa l 
quantities o~ a protein supplemen t. Af 
ter 28 days , pig gains and efficiency 01 
feed conver:; ion were nOI d ifferent , in 
d i c剖 ing that the p∞r performance of 
pigs fed bananas in previous studies was 
due basically 10 the low level 01 banana 
consumption caused by the poor palata 
bili'ty 0 1 the green bananas 

The poor palatùbility cf green bana
nas is apparently associated with the 
presence of act ive tannins. Althou~h the 
total concentration of tannins , Or " veQe. 
table tannates" , does not vary be'tw臼n
the green and ripe banana , dυrìng the 
ripening process the level of active tan 
nins. whkh imparts a bitter taste t。
the banana , decreases progressively dur句
ing rìpening . Although it is not C!conorn
ically feasible in a commercial operatiOn , 
remova l of the greer、 banana peel. 
ing will reduce the active tannìns leve l 
as the active tannins leve! is higher in 
the peel than 川 the pulp 
州。re detailed studies will determine 

the d甸回tib刊 ity of the ccmponent parl s 
(pro tein , fiber , fat and nitrogen.free e :<.
t ract) and to measure the digestible and 
me~aboli zable energy value of ripe and 
green bananas both as the fresh fruit 
and as dried mea l. These data are bein ::'l 

obtained as a thesis prcject bγa CIAT 
resea rch sc ho lar from Ecuador 

Maize : Ex per時nce has demonstrated 
the value of normal ma ize and th~ level 
。f supplementa l protein necessary for 
efficien't use of maize . Sυbstantial quan. 
tities c f supplemen'tal protein are essen. 
tial for proper utilizati on during all pha
ses 01 the p旬' s life cγcle . However , sim. 
ilar experimen'ts with opaque-- 2 maize 



have shown that th時 9月in can provide 
sufficient protcin during 011 phases 01 
the life-cyclc except lor the pre-weaning 
and growing periods . 80th periods re 
quÎre supplemental protein for efficient 
use of the opaque-2 maìze dìe'ts. Pigs 
at 22-25 kg make optimal gains on 
opaquc-2 maize-based d削5 contalnmg 
only 12 percent proteìn; at weaning 
woights less than 18 to 20 kg , however , 
th:) 12 percent protein diets support 
剖ightly less rapid growth than a s'ta r吋
ard 16 percent protein control diet 
Studies indicate that an opaque-2 maize 
based diet containing 13 percent protein 
w叫 I produce gains not different from the 
control but inferior to similar opaque-2 
maize diets containing 14 percent pro
tein , Pigs led 14 percent prote叭 d iet s
based on opaque-2 m剖ze-soybean meal 
gained 8 percen't more rapidly than 
those fed 16 percent protein normal 
corn-soybean diets 

A pilot st udy with female rats is be
ing conducted to determine what effect 

a life-cycle fceding of normal carn , 
。i=>aque-2 carn and a con'trol corn-soya 
diet have 011 growth and reproduction 
ðnd cn the growth characteristics of 
their offspring. Growth rates during the 
growing period conf ir m previouslγ 悶，
ported results which indicate thal 
growth is slow on common maize, im
proves with opaque-2 maize , but 自 5 su
perior w川、 15 percent protein control 

AvaÎlable reproductive data indica'te 
that rats !ed any 01 the three experi
mental diets will cycle and produce lit ‘ 

ters . When 。但que-2 ccrn WðS used as 
the only soυrce of prote巾 normal
breeding and gestation with li'tters were 
similar to those obtained from 'Ihe COI1-

trol (15 percent pro tein) rats. Rats led 
opaque-2 corn throughout growth and 
breeding could not suppo rt a normal 
lac'tation (I itters with low wean川g
weigh'ts) because the opaque-2 corn was 
nutritionally inadequate 

When common corn replaced opaque-2 
corn in the dict , all the lemal.s cycJed , 

Large healthy lit阻rs are the resu1t o( production syste血s tbal co血bine adequate nulrition, 
breedlng -stock and proper managemeut with sanitation and disease ~control 
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were bred , and produced litteγs 
However , the litters were small in nurn
ber and weight , and survival poor 

If similar results are obtained in pìgs 
as in rals , the recommended use of 
。paque-2 corn in swine rations will be 
drastically aHected . As previouslγre
ported , results obtained from studies 
conducted at different stages 01 the lile
cycle 01 the pig indicat.e that opaque-2 
corn alone is adeqυate for 'Ihe fînishing , 
gestatl。們 δnd lactation periods. How
ever , Ihese prelim inary ra t 5tυdies ap
pear to indicate that although in isolated 
periods of either gestation , lactation or 
Finishing rhe opaque-2 corn 悶 adequa'te ，
it may not be adeqυate jf used as the 
。nly source of prolein during consecu
tive and cOd[inuQus periods of the life
cycle 

The soft , lightweight kernels that are 
characteristic of opaque-2 maize prevent 
。r reduce widespread acceptance for 
human food and cause storðae problems 
Studies have been made wj'th the maize 
program 10 evaluate crystalline selec
tions from commercial opaque-2 maize 
Although results are promising , long 
term studies will be required to pro
duce , evaluate and understand Ihe in-

heritance of these crystalline charac'ter 
IstlCS 

In collaboration with ICA, seven 
double cross hybrids con'taining tbe 
Iloury-2 genes or both Iloury-2 and 
opaque-2 genes and eight Iloury-2 lines 
have been biologicallγevaluated. Results 
to date indicate that the nutritional 
value 01 the I1。υry-2 crosses and lines is 
inlerior to opaque-2 hybrids 

Triticale: In co l1 aboration with 
CIMMYT in Mexico, three lines 01 trit 
icale were 'tested for nutritive value 
and compared 10 methionine-suppJe
mented casein and Colombian opaque-2 
∞rn . When fed to rats on an isometric 
basis , the higher protein tr iticale sup 
ported faster gains than opaque-2 corn 
and gain s only slightly inferior to those 
prcduced by the control (10 percent 
pro'tein) casein die t. When compared 
。n an equal protein basis, all three trit
icales were inferior to casein and als。
inferior to the opaque-2 corn diet that 
contained slightly less protein . The el 
ficiency of protein utilization (PER) WðS 
Jess than 50 percent of the casein diet 
and only about 69 percent 01 the 
opaque-2 corn. These data (Table 1) in 

dicate that a kilo 01 triticale has a hi gher 

T ABLE 1. Protein values of triticale1 , opaque-2 maize and casein. 

Average Average Proteîn 
Daily DaiJy Feedl Efficiency 

Diet ga lO, Feed, Gain Ratio 
grams ~ra盯15 (PER) 

1. Control (Casein & meth .) , 10% 3 .41 8 日8 2.03 3.82 

2. Qpaque-2 Maize: 8.319也 2.20 9 .80 4.42 2.74 

3. Tl'i ticale-24 , 10% 1. 35 7 .43 5 .55 1. 80 

4_ Triticale-63 10% 1. 28 7 .22 5.66 1.78 

5. Triticale-106 , 10% 1. 57 8 . 0~ 5.27 1. 94 

6 . Triticale-24, 16 .56% 3.20 10 .52 3.30 1. 83 

7. Triticale-63 , 17 . 71 早已 3.00 ll . ll 3.47 1. 63 

8. Tr iticale-l06, 14 .72% 2.69 10 .35 3.82 1.78 

1. The analysed crude protein content of these three Jines of (riticaJe were: TrilÎca!e 
凹， 18輛; TriticaJe-63, 19.25%: Trili cale-l師， 16.0柚
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TABLE 2 . Eflect 01 germ血ation aDd cooking on nutritive valoe of cowpeas for 
growing swine 

Avnage Avεrellad y ge Feed! 
Treatments 

1 ‘ Control-Maize + Soya 

2. Crude Cowpeas 

3 . GerminatE'd Cowpeas 

4 . Cooked Cowpeas 

5. Crude Cowpeas + M '2 th 

6. Germinaled Cowpeas + Meth. 

7. Cooked Cowpeas + Meth. 

nutritive value than a kiJo of opaque-2 
corn; however , one gram of protein 
from tritîcale has onl y about 凸9 percent 
the value of Qne gram of protein from 
opaqυe-2 corn 

Cowpeas: If swine production is t。
be made eff時間川， economically at1trac
tive and readi Jγava il ab峙， economical 
sources of suppl emental protein mu st 
be found. Grain legumes appear to offer 
the m。泣 immed問峙 。pportunity for 
both animal and human food. Previous 
pilot studies with rats have demonstra1t
ed that some grain legυmes provide a 
fair supp ly of the amino acids needed to 
supplemen't the diet; however , most 
grain legumes have two Ii mitin Çl factors 
asεociated with their use as feed fo r 
non-rumÎnant animals. These are : (1) 
inhibitors which limit the digestib ility 
and release of amino acids in the upper 
leveJs of the gastrointestinal trac t. and 
(2) a deficient level of 'the sulfur-con
taining amino acids , methionine and 
cystine. Although the factors are listed 
separateJy, they are interrelated , w ith 
the inhibitors limiting the efficient re 
lease and utilization of 'the sulfur amino 
acids 

Studies to determine the most eff i 
cient and economica l processing method 
-soaking , germination and cooking
that will supply a satisfactory prodυct 

Da> Iy Da Gain 
Gain Fe Ratio 
(Kg) (Kg) 

799祠 2.44:\ 2.53' 

.551 l:c 2. ül l;rd 3.42' 

.498c 1.97ccl 3 .45' 

自 16 71. 2.3日，b 2 .50" 

‘ 4日 3< 1. 71 <.1 3 .09< 

649b 2.03ccd 2.70b 

815日 2.28a bc 2.43e. 

are underway. Soaking does little to re
duce the inhibit。悶; germina tio n appears 
10 reduce the toxicity of the 川hibitor s
in cowpeas but resuJts are incon sis tent 
When fed to growing pigs , black-eyed 
cowpeas that had been allowed to ger
minate and then dried at 60?C untij 昀e
m凹sture content was reduced to 10 to 
12 percent fa i!ed to support growth 
even at a rate obtained w ith crude , 

unprocessed cowpeas 

Hcweve r, it appears (Table 2) that 
the drying process may have destroyed 
some of the su lfur amir、。 acids é1 S th "3 

addition of melhionine 10 the germinat 
ed-dried cowpea diets improved pig 
growt h to a leve l superior to th at ob 
tained with simi lar additions of methio
nine to the crude cowpea diets. Cooked 
cowpeas provided a pro'tein thal was 
well used by the pig even when it was 
the onJy SQurce of protein. Growth rates 
and feed conversion of pigs fed diets 
based on ccoked cowpeas as the protein 
sou rce were sim ilar to those of pigs fed 
standard control diets based on corn 
and soγbaan meal 

In the pig studies, cowpeas alone sup 
pJied all the protein . Preliminary studies 
with ra1ts indicate that germinated cow
peas supplemented wit h 0.05% DL-me 
thionine adequately supplemen t diets 
based on opaque-2 corn and , În fact , 
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promOle growlh and feed conversion 
efficiency not d ifferent than that pro
duced by soγbean meal 

This second li mi ting factor , deficien
cy of the sulfur amino acids , has been 
studied in collabora'tion wi í. h a doctoral 
student from Purdue University working 
.t ICA and the Univers idad del V.lie 
Nutritive va\ue can be determined bγ 
roughly screening the sulfur content of 
beans (Ph.持。lus). After chemical .n.l. 
ysis 10 determine protein and to tal 
sulfur, diets were prepared from beans 
contain ing different levels of 'totaJ sulfur 
When these diets were fed 10 g row Îng 
rats , it was not pos sible 10 predict 
precisely the protein quality on the 
basis of their pro te in and total sulfυr 
contents , but i't was poss ible to separate 
those w自 th low from those with high 
nutritive value. More precise sepa rat咱們

based on tota\ su 1fur content are prob
.bly not possible bec.use of differences 
tn rafl的。f methionine to cystine . It is 
known tha't cystine can be used t。
repl.ce on ly • proportion (40-50 per
cent) of Ihe methionine reqυ1月ment
But if the cystinc content is greater than 

the methionine content , then that 
surpl肘。f cystine over me't h:onine is of 
no value \:0 the animal 

Varieties of cowpeas have been 
analysed for crude protein and su\fur 
These .n.lyses (Table 3) indic.te that 
there is a range of crude protein in the 
141 varieties from 18 .70 to 29.82 per
cent and a range of sυ If ur expressed as 
percent.ge of protein from 0.61 to 1.43 
Through selection based on protein and 
sulfur content and screening for nu
'tritional value, it may be poss ible t。
obt.in • cowpe. th.t will supply .de 
qUðte sulfur am川。 acids for pigs and 
humans 

Agricultural Economics 

The work carrÎed 。叫 by the agricu l 
turð! economists has been integrated 
with the swine nutrition studies. A 
model wðs developed to estimate the 
economic feasibility of replacing one 
feed wit h another in \ife-cycle swine 
diets 

A research project to determine the 
m叫。 r bottlenecks in swine prod uction 
and marketìng in two regions of Colom 

Protein 

TABLE 3. Distribution and range 01 crude protein and sulfur vaJues for 141 
varieties of coWJ扭曲
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PracticaJ , low C05t farrowing staUs built with 
local materials reduce pig IOSSC8 on 5maU 

subs:stence farm s 

û .n .the.farm demonstrations clearly indicate 
to subs.istence fa rmers the need for prope l' 

[eeding, management and disease and para~ite 
control 
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b的 is in progress. Finally, a preliminary 
study to de term ine the cconomic feasi. 
bility of producing swine in the reg的n
。f Pucarlpa , Peru , is in progress 

Opaqu,• 2 Maize for Swine. A study 
was made of the economic fea s ib ility of 
replac ing common maize by opaque-2 
maiz.e in maize-soybean oil meal diets 
given various prices of ccmmon maize , 
。paqυe-2 maÎze and soybea n o ÎI meal 
Basic nutri'IÎona l data were obtained 
from the εwine nutrition stud時s. Th o 
ana!ysis was divided into four parts on 
the basis of the nutritiona! require
ments during the !ife cγcle: gestation , 
lacta tion , growing, and finishing. A 
mathematical model was developed to 
esl ima'le the re la t ive net return s usi ng 
diets of cpaque.2 and common ma ize 

If the price of opaque-2 maize is equal 
10 that of common m刮目， it appears 
戶 rofitable for the farmer to replace the 
common maize-soybean oil meal diet by 
an opaque-2 maize diet during gestation 
and lac tation, when the price of soybean 
。iI mea l is above that o f common maize 
1 f the price of soybea n oil meal 時 mOre
than 120 percent of that of common 
maize , opaque-2 maize can al so be 
used during the finishing cycle (50-90 
kg). It does not appear profitable to 
replace common maize and soybean oil 
meal by opaq ue-2 ma;ze during the 
growing cycle 

Opaque-2 mai ze yie lds appr。圳 mately
10 percent less than the best common 
hybrid in Colombia. Assuming a 10 per 
cen t price differential , it would be prof 
itable 10 rep)ace a common maize-soy 
bean c il mea l diet by an opaque-2 die t 
dur ing gestatîon , lacta'tion and fin ish ing 
if the price of soybea r、 o il meal is more 
than 138 , 150 and 180 percent of the 
price of common maize, respectively 

1I was found that Lalin American 
swine prod uce rs who do not use any 
protein supplements in the swine diets 
c。υ Id grea tly enhance the net return bγ 
replacing 'the present d悶Is with an 
opaque-2 diet during the who le 5wine 
life cycle 

Swine Pro<h.J ction and Marketing in 
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Colombia. TI'e Latin American domestic 
demand for meats is increasing rapidlγ 
In a number of countries the price of 
pork 時 high rela ti ve tc that of beef 
Pork production is inc reas ing at a mod 
erate rate , and a research project 悶
underw ay to determine 'the maj o r 
rea50n s fo r Ihe slow production in
crease. The project is a case study of 
two regions of Cclombia : o ne is be
lieved to USe a relatively high level of 
technolcgy and has easy access to a 
major market; the other uses low levels 
of techno logy and does not have easy 
access to a major marke t. Basic informa 
tion is being gathered fr。們 produc~rs
and marketing agencies on manaqemen't 
and marketing practices, and a detailed 
econo mic analys is of the produc tion and 
marketing system will be carried out to 
identify majorεconomic bottlenecks and 
to suggest imprcvements in the sys tem 

Swine Production in the Pucallpa R• 
gion , Peru. This sludy forms a modes'l 
contribution 10 the naticn a l efforts 10 
develop the rain forest region. The 
major econom ic problems associated 
with large production expansions in the 
region are the cost o f transpo rtation 
and the r:sk associated with storage and 
transportation 

Animal Health 

Isolated iden tification has been made 
of many dì seases and para sites in the 
swine population in Latin America , bυt 
no systematic study has determined the 
economically important diseases of 'the 
tropi cal region. For 1972 , 25 percent 
of the effort of the animal health pro 
gram will be dedicated to swine. A 
systemat ic su rvey will be made of ex. 
叫ing sw:ne diseases to determine those 
of economic impo rtance as a bas叫 for
establi shing effective contro l syslems 

A s'tudv of foot and mouth disease was 
川 itialed as part of the requirement for 
a doctoral thesis. The emphasís in this 
yea r-Io ng study is on the pathology of 
咐is d悶ease In SW川e infested by differ
enl routes 



Rice 
Production 
Systems 

Adoption in Latin America of the 
new high-yielding varieties (HYV) 01 
rice reached signifjcant levels in 1971 
Mexico, Central America , Cυba ， Colom
bia , Venezυe帖 I Ecuador , and Peru have 
more than 25 percent of their areas in 
the HYV. Approxima' tely 500,000 has 
were grcwn, representing abo ut on令
third 01 the total area excluding Brazil , 
where adoption has been minimal 

Most 01 the HYV have been in IR8 
1 n Colombia the area planted to 1 R8 
rose from 0.5 percent in the second 
crop 01 19凸8 to 37.5 percent in th.o sec
ond crop 01 1970 . Costa Rica , with 
abcut 70 percen't of its area in IR8, su f. 
fered a seveíe epìdemîc o f rice biast ;n 
1970, illu s trating the dan gers 01 genetic 
vulnerability when large areas are pJant
ed to one or a few related varieties 

Yields have risen parallel to the 
adoption .01 IR8. In the irrigated areas 
。1 Colombia they have increa sed from 
3 tonjha in 1966 to 4.9 tonj ha in 1970 
As a result of increased prodυction ， the 
area in irrigated rice has remained 
relativelγconstant ， whíJe the upland 
rice area is declining rapidlγ 

CICA 4 AND IR22 

CICA 4 , developed cooperatively by 
CIAT and ICA , was released for com 
mercial use in early 1971 , along wÎth 
1 R22 which was named and released by 
IRRI in 1969. (5ee 1970 report lor d令
scriptions 01 CICA 4 and IR22 .) ICA 

in Cc)ombia provided foundatìon seed 
lor larm plantings of 350 has 01 certi
fied seed of CICA 4 and 250 has 01 1 R22 
during the first crop of 197 1. The best 
yield data available indicate 'that CICA 4 
averaged about 7.0 tonj ha and IR22 
about 6 .5 ton / ha on farms in various 
areas of the coυntry. The production 
from these seεd lields is suffic ient to 
plant approximately 30,000 has in late 
1971 and early 1972 

CIAT distributed 凸 3 tons of CICA 4 
in Colombia , mostly in units 01 100 
kilos , to evaluate further it s yieldìng 
ability 川 areas not covered by the ICA 
seed multiplica'tion program. Of th 悶，
1,400 kg 01 CICA 4 were donated to 
ICA for Iree distribυtion to farmers in 
upland and otherwise marginal areas 
5imilarly, CIAT di stributed 3 ,600 kilos 
。1 1 R22 in Colombia. The yields report 
ed from this seed provided by CIAT 
were similar to those given above 

In addit ion , CIAT sent 4 ,769 kilos 01 
CICA 4 and 1,965 kilos of IR22 to 34 
countries with nearly all of the seed dis 
pùtched to La'tin America. Seed requests 
of o ne to fi ve kilos were sent fr曲。f

charge. Lδrger shipments , to a maximum 
of 300 kilos , were sent air freight collect 
wiih no cherge for the seed. At thi s time , 
the few yield results reported from other 
cüun~ries confirm the experience in (0 
lombia 

CICA 4 ha s been multiplied on a large 
scale in Ecuador for d ìs tribu'tion locally , 

45 



where it was renamed INIAP 凸 I t is 
known as Advance 72 ìn the Dominican 
Repυbl呵 IR22 was renamed INIAP 2 in 
Ecuador. The National Rice Prog ram of 
Peru 時 prese川 Iy mυIt中I yi ng the variety 
Nylamp , selected from a segregation 
po;>ulation provided by CIAT. Nylamp 
comes from the same cross as CICA 4 , 
arld the Iwo va rieties are s imìlar . La rge 
,tocks o f Nylamp will be dist r ibuted t。
Peru vian farme rs in 1972 

The mas剖ve interna'tional muJtiplica
tion and testing of CICA 4 and IR 22 川

1971 allowed a more detailed apprecia
lion of their va rietal advantages and 
d isadvan tages . IR22 and a closel y rel a t
ed se lection were bad ly hit by blast in 
Cenl月 1 America. CICA 4 has rema ined 
resis tant to date but wil l probably be
come susceptible in 'the near future. The 
grain appearance of IR22 is w自dely ac
cepted and is sligh tly superior to that 
。f CICA 4 , Bo th meet local preference 
fo r cooking quality , CICA 4 tolerates 
moderatelγlow water and air tempera
tures whereas IR22 does no t. CICA 4 has 
performed we l1 υnder upland condition s 
when rainfall is not cri ti cally limi t ing 
8 0 th varieties are moderately susceptible 
10 sharteri ng , and farmers are cautioned 
to reduce speed o f the pickυp reels and 
10 harvest at mois tυre contents above 22 
percen t. 80th varieties will be sign 的
cant in those a( eas wherc they have 
been adequately tes ted , but they are con
sidered transitory , 10 be replaced ra、

pidly with new , superio r types 

SEMINAR ON RICE POLl CIES 

Some 200 represent atives of 23 coun
tr ies me t in Cali , Co l orr、 bia ， September 
10-14 , 1971 , the central foc us being the 
。pportunities and imp lications associat 
ed wi'th the introduc tion o f new , hi gh
yielding rice va r叫，es 川 L剖 in America 

Many o f these new rices have emerged 
from country programs , whi le others , 
such as CICA 4 and IR22, were devel
。ped through cooperative efforts of the 
Internationa l )Rice :Research Institute肉
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the Centro Internac ìonal de Agricultura 
Tro pica l, and the In stitu'to Colombian。
Agropecuario 

~ignificantly ， and indicati ve o f the 
m。υnting interest in rice in Latin Ameri. 
ca, nearly 80 percent of the participant s 
came a t their ow n Or the expense o f 
the ir organi za tions 

They first learned about 'the new rices , 
the condit io ns necessary for their suc
cessful production , and the possible 
economic implicat 凹的。f increased ri ce 
supplies . Then , in small discussion 
grcυps ， they ana lyzed rice productio n , 
marketin日 ， and consumption data for 
specjfj c count ries. They explored the 
pcssible consequences o f va r ious poli
cies and idenli打 ed fac tors to be inv-es
tig ated further upon rcturning to their 
ccuntrles 

It was the purpose of th悶 seminar t。

provide opportunities for decision 
makers to expand their ho rizon s, so thar 
they can make better policy decis ions 
More specifica l 旬 ， it was to indicate 
ways and means by which r ice produc
t Îvi'ty i ncreases may be ach ieved on a 
broad soa峙， and in such a way that 
these increases in productivity may ben‘ 
efit in terms of improved real incomes 
and d時t 5 the g reates t number of per
so ns in each country 

The typical Latin American diet is 
relat ive ly high in ca lo ries bυt low in 
proteins , particularly those of high qυal 
ity , Alth。υgh rice has slightly less total 
pr。峙in than the other two important 
gral 肘， maize and wheat , the qua lity o f 
its protein is exce l1 en t. Hence , nutrition 
cou ld be improved greatly if it were 
possible to subs t山Jte rice fo r a sub 
stantial part of the low protein plantain 
and/ or cassava in the typical die t. Such 
high rice die'ts would provide sufficient 
protein for both adu lt s and ζhildren 

Therefo悶， in te rms of human nutr忱的n

and well being , increased rice production 
co"ld pl.V a 叫al role in the food econ
。my of latin America 



VI酬。rs atteDding 討回 pollcy conference inspect rice varlety erperiment 

Experiences in ASÎa and Central Ame
ríca clearly indicate that the obtaining 
。f maximum benefi'ts from the intr。
duct的n of new h可h.yielding semi.dwarf 
rice varíeties depends upon the deve卜
。pment of coherent and complete ac
tion programs. Possibly the best way to 
understand this 1s to consider the va 
r!Ous steps taken by countries that were 
successful with their rice ac'tion pro
grams 

Such a program for an individual 
country involves at least the following 
steps; in some countries add刊的nal ones 
will be required because of unique Clr
curr、 stances

1 . I n order that the countrγprogram 
can realize the benefits of this increased 
production and redυced c。肘 it will be 
essential 'to provide rice growers with 
adeqυate sυpplies of locally adapted 

varÎetÎes and inputs as well as appro 
priate cultural practices . Prov悶 ion for 
the multiplication and distribution of 
hi日h quality seed is essentiaJ; in some 
cases this can be left to private firms , 
in others , some mixture of governmen.r 
and private enterprise may be best 

2. Along with the improved adapted 
varieties , technical information on the 
growing of these new varieties should 
be provided if theìr potential is to be 
realized. This will require a well devel
oped technically competent group of 
rice produc'tion specialists. Their servi

ceS will have to be combined with ade 
qυate supplies of appropriate inputs 
such as fertilizer , chemicals , and ma 
chinery. These inpυts should be made 
avaìlable to alJ producers at reasonable 
prices , in the right amounts and at the 
right time and place. Bu't the concom 
itant benefits of íncreased production 
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depend upon an adequate marketing 
system involving two essential comp。
nent s, phγsica l and financiδ 1. There are 
the physica l issues: Spec刊ically， ade
quate transport facilities are needed 
between farm and mill and storage , and 
final marke t. There is the necessity for 
adeqυate drying，肘。rage， and milling 
lacil 川 ies. These critical factors will de
terrr、 ine the final quality of tho rice 
available fo r sale. Spoilage and losses 
will occur if drying and storage fa:ili 
lies are inadequate, and a favorable per
centage of unbroken long grain rice wi ll 
。nly be possible if modern rice milling 
equipment is used 

3. Prior to the production 01 th.ose 
quantities of rice , deci sions will have 
10 be made as to the proposed linal dis
position of it. Some Latin American 
cou ntries will be able to maintain their 
exports of rice, and $ome will be able 
10 enter the export market for the first 
time , if they follcw aggressive policîes 
leading to low cost production of a good 
quality rice. Curren't trends , however , 
sugges t that this wi ll be d ifficult to 
achieve , in the face of declines in world 
prices that are expected to result as ex
porting nations increase their produc
tion and importing countries achieve 

The levee divides the varietles JR22 00 the 
lefí and CICA 4 on the rigbí 旭 nitTogen

rerlU:izaUon experimen峙。

sell-sufficiency. It may be expected , 
therelore , that the typica l L剖 in ÄmerÎ
can count ry will produce primarily for 
Îts own domes'tic market 

BREEDING 

Crosses. A total of 69 new crosses was 
made in 1971 , bringing the total since 
1967 to 58 1. AII 1970 crosses involved 
the vari剖 ies Tetep , Marr、。riaka ， C46-15 , 
and Oissi Hat 斤， which are suspected t。
have generalized resistance to rice blast 
Thirty-three of the new cross.es involving 
these parents were backcrosses to high 
quality, dwarf parents giving a total of 
2,667 F, plants . Other crosses involving 
F, (dwarf) x blast resistant parents pr。
duced 3,470 F, seeds. The crossing pro-
9月m is concentra'ting on blast resistance 
now tha t ear lîe r crosses ha.ye provided 
vast amounts of segregating material 
having superior plant type , grain charac
terÎstics, and resistance to Sogata 

Nurseries. Plantings of breeding mate
rial were made dυring 1970 on the ICA 
experiment station in Palmira in April , 
May, July , August , November , and De
cember . These included more 'than 
17 ,000 pedigree rows (F3 to F.) that 
were evaluated thorcughly for grain and 
plant traits 

EI.even F" single cross populations of 
4,000 to 8,000 plants each were grown 
and se lected. These were from c rosses 
of high quality dwarfs and the varieties 
mentioned previously as having general. 
ized resi stance to blast 

A la rge pedigree nursery of F:~ lin2s 
from cr-osses of dwarfs and Colombia 
1, a local variety which has maintained 
i't5 blast resistance in hundreds of test5 , 
was evaluated for blast resistance com
bined w川、 dwa rfi sm and acceptabl.~ 
grain. Few useful plants were fou nd 
The same single crosses backcrossed t。
the dwarf p-arent were evaluated in 
1,0 10 F2 lamilies having about 200 
plants each. Ab。υt 50 percent 01 the 
families were susceptible to blast , and 
were discarded. The remainder , carrying 
resistan c:e to blas't , had excellent com
binations of resistance, plant type and 
qua:ity, and produced approximately 
7 ,000 selections 



The new rice selections with improved plant types 3re compared 、甘th the tradi t.\onal 
variely Bluebonne t. 50 in variety trials 

This 几 material appears so promis 
ing thðl bulk populations were sen t to 
seven loca ti ons in six countries for local 
se!ections and evaluation . The observa 
t ic n tha't single crosses did not result 
in usefuJ F:! lines , whereas backcrosses 
to the dwarf parent prcduced excellent 
F2 segregates , il!ustrates the need to con 
centrate o n dwarf traits and rapìdly 
eliminate the undersirable plant and 
grain characterÎstics o f the blast resis 
tanl parents 

A number of excellent Fü I i 門 es from 
crosses 01 IR930 , IR579 , IR532 , and 
IR622 se lect ions combine all desired 
traits except blast resistance , About 360 
01 thεse were sim ultaneo usl y planted in 
both Fr; rows and in obse rvational plots 
and were sent tc other coun'tries for 
w ider evaluations. lt is expected that 
one or more of these will become a nam 
ed var iety as a further improvement on 

IR8. IR22 , and CICA 4. There is urgent 
need 10 develop a range of improved 
varieties even though they are a ll poten 
t ially susceptible .to blast. Until general 
ized resistance to blast is bred into 
superior backgrounds , farmers must 
have a choice cf several potentially sus
ceptible va rieties as the blast organism 
adapts itself to existing varieties 

In summary , nearly all material in the 
program is dwarf , has excellen't m Î II川9
and ccoking quality , is early in maturity 
and has good resistance 'to Sogata feed 
ing . 81ast res ist ance , now the major ob 
jective of the program , continues to be 
ð di衍 icult breeding problem. Promising 
F:.: and F:j material must be rigorous!y 
observed for a few more generat ions 
before firm conclusions can be drawn 

Yield Tri.ls. A total 01 J J 中!i nes were 
eva!uated in June. These included selec-
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tions from 't he earlies t crosses made ín 
Palmir a and sever td advanced lines from 
IRRL Many p lots yie lded from 6 to 9 
ton jha while local check varieties pr。
duced 2 to 4 tonj ha. Nevertheless , the 
majority has undesí rable 9ra川 andjor
la te maturity, and o nly 26 lines were re
H附ed. In December , 'these 26 lines were 
inclu ded in a trial of 390 en lries , many 
of which seem especíally oust anding 

The 197日 Annual Repon presented prc
liminary yields 01 the se lec'ti ons 1 R665 
23-3-1-IB made in Palmira. Seeds 01 se
lected plants were processed in a tesl
tube m iller, and seeds 01 120 had min
imum graîn breakage. These were mu l 
tiplied , and cl 80 singl e rows harvested , 
20 ranged Irom SI to 62 percent head 
rice compared 10 37 percent for the or i9 
in al line and 52 percent for Bluebonnet 
50. These 20 select ions were replanted 

in multiplication plots in November 'to 
increas'e seed rapidly. Uniform selec 
lions that mai ntain a high milling recov 
ery w ill be bυ Ike :J in early 1972 lor ex
tensive intern ati on al evaluation 

RICE AGRONOMY 

The major objectives of the ag rono
my experiment s dυring 1971 we re 

1 . Imp rovem ent in nitrogen effi ciency 
的roυgh studies of rates and times 
of appli cation 

2. lmprovemen't in nitrogen response 
through better water management 
practices , and 

3 . Evalu為 tion of new var i eti~s ancl 
promising genetic lines by compa r 
ison wíth traditional varieties 

8ecaυse a l\ o f the above experiments 
developed zinc deficiency symptoms , a 
fou rth objective had to be added 

Top.dressing CICA 4 with urea 
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TABLE 1. Tbe effect 01 delayed llooding 
after ferhlization on nitrOgen 
response 

Wat凹 treatmenl as re lated \0 Yield 
N. applications Kg/ha 

Flooded same day 7,350 
Flooded in 3 days 6.726 
Flooded in 6 days 6 289 
Fl nnded in 9 days 5,940 

4. De termine best sourç凹 . rates and 
methcds of application of zinc to 
Improve nceγields 

RATE AND TIMING OF NITROGEN 
APPLl CATION 

Two experimen 峙， using CICA 4 and 
1 R22 , were affected by zinc deliciency 
and could not be completely controlled 
by loliar sprays or by li ght applications 
01 zinc su lfate . The CICA 4 experiment 
wðS 50 se riou sJy affected that it had to 
be discarded. The resu lt s 01 the IR22 
experiment showed tha't there W()S cn)y 
a slight response to nitrogen in this 
experimen t. Filty kg N/ ha applied 25 
days after seeding produced practically 
the same yie)ds as higher amoun ts 
applied in one , tWQ or three app !i cations 
Soils on the CIAT larm appear to have 
the capacity to supply the ma jor par't 
。f the nitrogen requirement 

EFFECT OF WATER MANAGEMENT 
ON NITROGEN RESPONSE 

In one experime川 Ilooding was 
delayed Irom 0 to 9 daγs after th e 
appli ca tion 01 100 kg/ ha 01 n叫 rogen on 
a dra叭ed 50il. The resu lts are shown in 
Table 1 

The data 川dica te tha t delaγed Ilood
ing resu lted in nit rogen los ses and tha't 
higher yields were obta ined by flooding 
as soon as possìble after nitrogen appli
cat ions 

VARIETY TRIALS 

CICA 4 and IR22 were compared w川、
the tradi tiona l varieties now being 

。the r coun tr ies in Central and South 
America. Some new and promising 
genetic lines were 川cluded to g ive com 
parative information as to 'their potential 
va lue as future varieties 

仁 ICA 4 prcduced higher yields than 
a門 y of the o ther commercial varìetìes 
。ver the t wo-γear period . IR22 produced 
approximately 77 percent 01 the IR8 
yield. 60th of these two varie t ies pr。
duced 2 切 2.5 times the yield 01 
Bluebonne't 50 and Starbonnet 

With respect to the genetic lines, the 
h ，日hest yields were produced by the 
IR841 -63-5一 1 B selections. In sorne cases, 
the y ields were 700-800 kg/ ha higher 
than vields of CICA 4. Line IR665-23-3-1-
1 日， over the two-yea r perÎod , produced 
slightl y higher yields than 1 R8 . 1 n the 
1971 tes ts , all varieties had to be tre訓ed
with zinc to produce normal growth 
Desp ìte repeated zìnc applications , Blue 
bonnet 50 and Starbonnet showed 
deficiency symptoms throu gh out their 
growth period 

INVESTIGATIONS WITH ZINC 

Zinc deficiency occurred in all of the 
1971 lertili'ty and va riety tri als. The 
effects we re severe enough in some cases 
to result in the death 01 20j30-day-old 
rìce plant s 

Sources , meth。缸 f and rate s of 叩pli日，
ti on of zinc were stud ied in a number of 
cxperiments . Some evalu剖 ions were als。
made on the tolerance of varieties to 
low availability cf zin:: in soil $. Soil 
samples were sent to IRRI for analyses 
and a set of leaf samples wa s sen't to 
th o Tennessee Val ley Authority Labora
tory . The analytical da ta from thesc 
sarnples are shown in Tables 2 and 3 

TABLE 2. Soil analysis values 

De-pth of soîl pH Available Zn 
ppm:: 

o - 10 cm 8 . 1 1. 4 
10 - 20 cm 8 . 1 1.0 

o - 20 cm 8.1 1. 4 
grown in Colombia and a number of 會 Extracted wiU、 EDTA ( NH的ICOJ solution 
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TABLE 3. Nutrien( con(enl of CICA 4 rice leaves." 

Leaf condition Zn 
ppm 

SZHln elEadhltet hfy IZCAn keradvcvey e flClency 
14 

s from 
y plants 22 

Severe Zn deficiency 17 
Hnoeraml tahl y leaves from 
normal plants 38 

Dry Ðshed for 6 hours at 475çC 
Courtesy TV A. 

The ch emica\ anal yses show that the 
so;l was \OW in avai \ab\e zinc al all 
deplhs ðnd Ihðl Ihe s ubs印 I sample was 
sti ll more deficient than lhe surface 
samples. Zi nc defi ciency 5γmptoms were 
more severe where t he 5υrf ðCe soil had 
been removed in leve ling opera tions or 
in levee construction 

The values for z;nc content ín Table 3 
ðppeðr 10 be correlðted with publishod 
va lues relattld to the appea ran ce of the 
rice plants. Complelely normal p lants 
had a zinc ccntent of 38 ppm as 
compðred 10 14 ðnd 17 ppm for 'the 
ρlants show川9 z附c def此時ncγ symp-
1 。什15

One experiment com pared sulphate 
01 ðmmonið ðnd ureð (200 kg N; hð ) 
at different leve\s of zin c oxide. The 
resuh s a re shown in Tab le 4 

The data indicate thal there w as no 
real difference in lhe two nitrogen 
sources and that the yields were highest 
in the highes t zÎnc trea t n可en l. The 
increases per unit of zinc added were 
less , however , in the hi gher rat es as 
compared 10 the lower rates 

Fe Mn p 
。pm pprn Percentae:e 

78 406 0 . 127 

79 198 0.266 

127 277 0 .236 

71 516 0.165 

Three sources of zioc , zÎnc oXÎde, zinc 
sυ Iph剖 e and zinc polyflavonoid were 
used al 日， 16 and 32 kg / hð 01 ðCtuðl 
zinc in two separate expe門ments . In 
one experimen t. Ihe zinc was incorporat 
ed in the soil before transplanting ; în 
the o ther , the zinc was applied in 
st andì ng water at the time of the zinc 
deficiency symp'toms . The results of the 
two exper iment s are co mb ined in Table 
5 ðnd Fig. 1 

AII three mate rial s are good sources 
cf zÎnc , and there was I;ttle djHerence 
among them. When incorporated ;n the 
soil s, Ihe major part of the yield in 
creðses was produced wilh 8 kg/ ha 01 
zinc , ðlt hough the highest yield was 
produced wilh the 32 kg/ hð appliCðtion 

When applied În the wa'ter at the 
appearance o f the zinc deficiency sγmp 
to ms some 15 to 20 days after trans 
planting, the re w as an almost linear 
response. The yield increases were about 
50 percent of those obtained in the 
exper;ment in wh阿h the zÎnc was i仆
corpo rated in the 50il before trans 
p lanti ng. These differences are due , in 

TABLE 4. The effect of different sources of nitrogen on the zinc requircment for 
CICA 4 

Zinc Sulphate of 
applied Ammonia也 Urea ~' Average 

。 5,267 56 ,907 5.587 
15 6593 ,397 6495 
30 7.481 7.161 7,321 
45 7.984 且 ， 260 8,122 
60 8,638 8,790 8、724

120 9,128 9、 734 9‘431 
Ave. 7ι515 '1 541 

200 Kg Njha 
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part , '1 0 the difference in t;me of ap 
plication as well as the method of ap
plication 

In another exper iment , the roots 
were immersed in zinc suphate sol叫 lons

of 1, 2 and 4 percent concentrations and 
fo r various periods of 1, 2 and 4 min
utes belore transplanting. Although the 
treatmen'ts gave good growth response 
durÎng the initial $ix to seven weeks of 
growth , even the highest treatments 
were inadequate , and liUle to no grain 
wa s produced 

Foliar appJications us ing 0 . 25 percenl 
Zineb , 0 , 5 percent zinc sulphate and 1 
percent zinc poJyflavonoid were als。
tes'ted. The better sources appeared t。

be z叭c sulphate and zinc polyllavonoid , 
but a minimum of five application5 was 
reqυired 

The mate rial Agrimins (Zn content 
0.8 . 1.0 percent) was also checked as 
a zinc sOurce . The data 叭dicate that υP 
to 150 kg! ha 01 the material corrected 
the deficiency in these 50ils 

In general , high nitrogen rates ag9ra
vated 'the condition and , in some cases , 
yields were nil where no zinc was ap
plied . Zinc alone increased yields bυt 
bcth nítrogen and zinc were required 
fOr h igh yields 

An evaluation of the tolerance of 
varieties to low availabilitγ01 Zn in the 
50il was 司 Iso made . The ratings are 
show n on Table 凸

Colombia 1 and ICA 10 were selected 
。 n the Instituto Co lombiano Agropecua. 

' 
TABLE 5 . Errect of rates , methods oC appliration and sources of zinc on CICA 4 

rice yields. 

Grain Yields 

Source of zinc Rate of Incorporatf"d Applled in 
Aoplication in soil befol'e water 
Kg Zn / ha traKnggp/ lantinz 

ha Kg / ha 

Check 。 36日 。Zinc oxide B 5,484 1,243 
Zinc oxide 16 日， 934 2,810 
Zinc oxide 32 8A3 56 4,337 
Zinc sulphute 8 7,310 1,345 
Zinc sulphate t6 7心 964 3,527 
Zinc sulphate 32 8,595 3,935 
Zinc polyflavonoid 位 7,043 t ,419 
Zinc polyClevonoid 16 7,858 2,690 
Zinc polyflavonoid 32 8,502 4,474 
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鈍Ice b'TO、vt tl: on both sides ot the untreated plot was greatly stimulated by rinc 
appU阻tíons to the 5>oil 

r:o fðrm at Palmira on soils similar 怕
的。5~ on the CIAT farm . Their 'toleranc~ 
to low soil zinc was probablγan un
recognized factor in thc: r being selec ted 

。f the m os t limiting factors in rice 
ρroducticn. Most rGsearch efforts werc 
concentrated on findíng a su itable con. 
trol for thi s disease 

PATHOLOGY BLAST 

:Jf the rice diseases present in the 
Americas , bl ast is s till cC :'l sidered o ne 

The cau sal a<;ont of blast , the fungu s 
Pyricularia oryzae, is quite variable. lt 

TABLE G. ToleranCe of varìeties to low av剖lability of zinc in sOils 

Variety 

Colombia 1 
JCA 10 
Sta l'bonnet 
Bluebelle 
Bluebonnet 50 
!R665-23-3-1- 1B 
!R8 
IR22 
CICA 4 
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Ratin e: at 30 davs 

Highly tolerant 
Highly tolerant 
Sus~eptible 

Plants died 
Vcry susceptible 
Su sC'eptibl e 
Susceplible 
Susceptible 
Susceptible 

R8ting at 60 days 

Highly tolerant 
Highly toJerant 
SUsCe:';l tible 

Highly susceptible 
SU5ce: ptible 
Very su~ceptible 
Very susceptible 
Very susceptible 



The untreated plo~s in thls zinc experiment were ~O severely affected by the dericiency 
that the rlce plants died 2 to 3 weeks after transplan t4ng 

usually develops new races before the 
orceder can develop varÎeties having 
vertical resistance. Two major lines in 
its control were undertaken , one 10 help 
Ihe breeding program find varieties with 
"partial resistance" , which would be 
generally resistant 10 'the present and 
future races of the pathogen , and the 
other to find an efficient way to con 
Irol the disease chemically 

Partial Resistance 

In April , 1969 , 1,990 varieties , se
lected lor resistance (type 1-4 lesions) 
in scveral countries , we re tes'ted ;n the 
L1 ancs Orienta les , Colomb ia , where the 
the disease is endemic and epiphytotic 
After 23 trial s ;n that loca litγand three 
in Monteria , Co lombia , and one in La 
Selva , Peru , only 210 have remained 
resi stan t. Some of these var ieties 

一Tetep ， C46-15 , Mamoriaka , Carreon , 
Colombia 1, Colombia 2, Colombia 3 , 
Milagrosa , R-67 , Dissi Hat刊 ， Pero la , and 
laca Escur。← showe:l a broad spectrum 
。 resistance 10 the races of P. oryz:ae. 

Nature of partial resistance 。
Pyricularìa oryzae 

Greenhouse and laboratorγstudies 
wit h susceptible , in termedi ate and re
sistant varieties and with the m。到
圳 rulent races isol a ted from Brazil ，亡。
Icmbia , and Peru , indicated that 'the 
type 01 t he les叩n ， it s size , color , and 
the nυmber of conidia produced per 
|εsion arc important factors in de ler 
n、J11 lng part昀 1 resistance to P. oryzae 
Susceptible varieties showed larger size 
(type 4) and a greater number 01 1是←
sions. Sporulation took place in less time 
and the number of spores produced was 
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considerably higher. Intermediate va 
rieties in certaÎn cases had type 3 les ions 
but they produced more conidia . Th時
implies that l-esion size is not the only 
factor contrcJling resistance. Large size 
les ions producing few conidia may be 
more important epiphytologically than 
sma l!er size lesi。肘， bυt may a l50 be 
ac't ive conidia producers. In general , 
type 3 lesions produced fewer conidia 
than type 4 

Sporυlation was higher in the green
house than in the laboratory. The leave5 
became yellow and died in five daγ5. 

的 is might be the reason for the smaller 
number of conidia observed in the labo
ratory ~tudies . The time f rom inocu la 
tio門 to spo rulation in巾的 ion WðS shorter 
in susceptib\e varieties than in interme 
diate ones. However , the time difference 
was sma l!. Type 3 le訕。ns produced more 
conidia than type 2 les ions, in genera l, 
but in som e cases a high sporulation 
occurred in type 2 \esions 

Daily d ischarge of conidia was differ
ent for Ihe susceptible and inlermediate 
varie'ties. High sporulati。叭。ccurred
dυring the first daγ5 for type 4 lesions 
of Fanny and Bluebonnet 50. The type 
4 l e訕。ns of lacð Escuro always pro 
d uced few con id咱， an Important epl
phγ10109ical factor in the development 
01 the disease. Colombia 3 had type 3 
lesions but they produ.ced more conidia 
after the fifth daγThis kind of late 
d ischarge resis tance may be a ζritical 
fac'tor in an efficient chemical control 
combine廿 with partial resistance of rice 
to P. oryzae 

Correlation between leaf and neck 
rot ìnfection 

In general , panicle5 are foun d to be 
more suscep t ible than leaves. The 
screening method 悶 based υpon the 
leaf infection of seedlings 30-35 daγs 
after planting under natura l conditions 
in epiphytotic areas. The screening of 
lines for resistance depends υpon a good 
correlation between leaf and panicle 
susceptib i1 ity to P. oryzae 
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Plants of susceptib峙， inte rmediate , and 
resistant varieti es were inoculated with 
four races of the fungus δt 15 , 3口， 45 
days and boot ing s tage , using a con 
ce門 trδtion of at least 40 conid 自 a per 
100 x microscope field. The results 
indica.te that the varieties highly suscep
t ible and resi stant gave uniform reac 
t 叩ns al the va riou s stages of growth 
Scme varielies such as Nahng Mon 5-4 
2l nd IR8 , which are susceptible in various 
Iccations to severa l races u 門 der field 
cond itio ns, were resi stant at the seedling 
stage 10 ðll the races bul suscept ible to 
neck rot 10 some races 

This suggests that 50 1訓 e isolates are 
non-pathcgenic to leaves but are able to 
infec t the pan icles . These two varieties 
have been con日 s tent l y re日 s tar、 t to the 
four races used at the seedl ing stage 
Experiments with a large number of 
varieties ðre planted in the field 10 s tudγ 
more criticð l1y thi s important correla 
Ilon 

Races of P. oryzae in 
Latin America 

Through cooperðtive work w川、 the
Instituto 6iologico , Sao Paulo, ðnd Ihe 
Instituto Rio Grande do Arroz , Porto 
Alegre , in Brazil , the Estaci。門 Experi
mental " La Molina " , Li ma , and the Uni 
versidad Pedro R山z Ga llo , Lambayaque , 
Peru , races of P. oryza.e were determined 
by using Ihe int~rnational set of differ
ential varieties. 5even'teen races were 
delerm川ed in Bra叭 ， 14 in Colombia , 
and 25 in Peru 

Some races such as 1 A-I , 1 A-65 , 1 C- 1, 
1D 凸， 1D-13 , 1 G-1 , 1 G-2 , I H-1 , and 11-1 
are more pr<:!valent and virulen t. The 
same rðces are present in S。υtheast
Asia , Japan , and the United 5tates . Thi5 
information mighl help in screening lines 
。 r varieties for partial resistan ce under 
artifical greenhouse Or laboratory con 
ditions 

Variability of P. oryzae 

The fungus consists of many races. In 
addition , constant var iabi lity in path。



gen呵 ity has be:n reported , However , 
roces IB-I , 1(-1, IG-I ancl 10-8 have 
kept their specific pathogenicity for fo ur 
years after freqυent subculturing. Races 
1(-1 and IG-I areoften lound throughout 
the wcrld and this may explain why 
they do no t change theÎ r racial pattern 
as reported for other races 

Chemical control of blast 

Resistance is the most effective and 
bast cxpensive way to contro l bla st ; 
chernica l con trol , however , can reduce 
losses and maγbe use -f ul in an integ rated 
control w川、 parti a ll y res istan t va rieties 

There are twc climatic areas to b2 
con s idered for chem!cal contro l. Fir s t, 
rEgions where there are f avcrable cond 
t ions for the devel o pment of the diseasB , 
with incon s tant rain fa ll , and second , 
loca t 巾的 5 where it rains a lmost contin-

LJously . In the fj(SI region , il is 戶。 ss ible

to cont ro l the disease econo mically w ith 
iυngicides . In locati ons having the con
tinuous and heavγrδin s ， it will be 
necessary to develop special means of 
app lica lÎon to overco me the imm ed iate 
was hing-off cf the applied ch emi ca ls 

Seed lreatmenl 

5εed s 01 the highly SuSCeplible variety 
Fanny we re treated w Îth 35 different 
chemical s . The fungicides Benlate (1 kg 
a . i . / 1 00 kg seed ), Oemosan (26 kg 
a 自 100 kg seed ), Decaletin (8 kg 
c . p.!IOO kg seed) and NF-44 (2 .8 kg 
a . i . / 1 00 kg seed) protected the p lanls 
for 60 days . The percentage of dead-Ieaf 
area wa s 8 , 5 , 3 and 4 percent respec 
tive坤 ， as compared w川 h 85 percent 01 
the check plo t. The readings were taken 
30 and 60 days after planting 

CIAT scicntìst (left) and observer Jook at difterent types of lesions ca usecl by Pyricularia 
The bnckground show~ expcriments On cOnirol 叫 blast by rungicldcs 
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Aerial applications 

Applications at the booting stage , and 
two more at weekly intervals thereafter , 
increased γields of the variety Blue 
bonnet 50 up to two ton/ ha as connpared 
wi 'th the check in locations 01 high neck 
rot infection and intermittent rains 

The fungicides Benlate (0.25 kg a.i . / 
ha ), NF.44 (0.21 kg a.i.jha) , Hinosan 
(0.35 I.a . . / ha). Kitazin (0.63 I.a.i . / 
ha) , Kasunnin (0.03 I.z.i./ha). and 
Bla.S (0.061.a 自 /ha) cons 自 stentlγcon

trolled the disease effectively and ec。
nomically. Mixtures of Benlate (0. 100 
kg a.i./ha) and Kasumin (0 日2 kg 
a 自 /ha) increased the effectiveness an~ 
reduced the cost of controL The same 
lreatments under heavy and continuou::; 
rains did not give any control. Green 
house experiments showed that Benlate 
has a residual effect of up to 12 days , 
giving a good contro\ even a week after 
foliar applicat的ns

Soif treatments 

The development of systemic fυn9 1 -
cides offers the possibility of con廿olling
the blast disease by soil applications 

Thirty.five fungicides were screened 
using a rate of 100 kg a.i. / ha , with the 
variety Fann y as the test plan t. 01 these , 
Benlate, NF.44 and NF.35 were 'the most 
cffective. In different experiments NF.44 
controlled blast better than Benlate a'l 
lower rates , but they were sti ll too high 
to be economical. Preliminary experi
men峙 in which Tween 20 at I percent 
was mixed with the sys'temic fungicides , 
showed improvement in control at lower 
doses 

Monthly p lanting5 in plOt5 previously 
treated with these systemic fungicides 
were effective in the s印 I for more than 
150 days. They suggest that it i5 p05sible 
to control blast by using low cos t soi \ 
applications with an improved applica
tion method 

Granular KitazÎn did nct control blast 
when applied directly to the 50il with 
upland rice; it was affective when ap 
plied to irrigated rice. This granular fun-
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gic ide might be economica 1Jy useful in 
applications to irriga'ted rice one week 
before heading , becausc it became effec
tÎ ve three to fou r days after app 1ication , 
reached 明創 i n1um effectìveηess after 
fjve to seven days , and then gra du al: y 
be::ame les s effc~tive 

HOJA BLANCA 

The imρor tance of hoja blanca has 
diminished in recent years , presumably 
because of 川、proved varieties resistant 
to the vector Sogatodes oryzicola. The 
active and the non-ac't ive co\onies we re 
maintained for future 5tudies 

Preliminary experiment s to trace the 
virus in the vec tor did not show its 
pn:.sence in the genitals of either thc 
female or the male. Direct identifica't ion 
of the v,rU5 particles was possible in 
rice , barley, wheat and al50 in barnyard 
gra55 (Echinochloa colonum). The lon9 , 
flexous , thin threads were found in the 
cytoplasm as wel\ as in the nuc\eus 
These particles broke down readily in 
purified and leaf.dip preparation s, 
making it di衍 icult to determine their 
length 

HELMINTHOSPORIASIS 

A disease 'that atta cks the panicle and 
causes a brown coloration of the grains 
si m i!ar to that caused by P. oryzae was 
ob5erved on 5el.ections cf I R822. A fun. 
gus , Helminthosporium sp. , was ζ。nSls
tently isola ted. Pathogenicity tests show
ed tha't it was the ca usal agen t. Thi s 
disease is also present in Brazil , and it 
may become impor'tant 附 the fu ture 

SHEATH BLlGHT 

Th is disease is caus川9 sefloυs losses 
in severa\ regions of Co\ombia. 1I has 
become cne of the most common and 
destructive diseases. Several isolates of 
the fungu s Corticium sasakii have been 
。btained from many \0日 t ions and from 
d刊ferent varieties , particularly Tapuripa 
Studie5 on the growth 01 the fungu5 , 



Experimeot 00 partial resistance to rice blast 
cUseasc. Attendants at the CIAT symposium 
00 the Horizontal Resistancc to Rice Blast 

diseaS'e 

ecology 01 the disease , susceptibility 01 
the rice plan't at severa l s tages , and 
development o f a suitable mass screen 
ing method for resistance wi ll be carried 
。ul

RICE BLAST SEMINAR 

The importance of this disease as one 
of the limiting factors in rice production 
in the tropics prompted CIAT to orga
nize a conference to review the present 
status cf kncwledge abou t partial (h~r
悶。ntal) resis tance of rice to Þ. oryzae 
Seventeen scienti s ts working with P 
oryz:ae and ín related fields were invited 
to participate. Theγpresented 15 papers 
Approximately 100 observers were also 
precent from 17 countries in America , 
Asia and Africa 

The scientists agreed that there are 
varie'ties having a broad spectrum of 
resistance , but not horizontal resistance 
as it is delined. Variability 01 the 1υngus ， 

Reaction of J'ìce seed 1ings to mechanical damage caused by SOg1l ta.. From left to right 
suscepHble. segregaUng. and resislnnt 
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phenolypically stab le versus unstable 
races , changes in pathogenicity , the 
perfecl s tage of P. oryzae, correlation 
be i. ween seed ling and neck rot Înfection 
ðnd the slatus o f rice b las t in various 
ccuntr 自 es were sub jects dìscussed du ring 
the Ihree-day sem附ar

ENTOMOLOGY 

Sogatodes is Ihe most ìmporta川

insect pest in Latin America because il 
directly damages the leaves and trans
mits the hoja blanca virus. The develop 
ment of commerciδI varieties with re 
sis't ance 10 the insect has checke廿 the
spread of the disease. Because of the 
possible appearance in the future of a 
biotype adapted 10 the resista 門 t vari
etles 川泊me eco!cgica! areas În Latin 
Amerc咕， plans have been made 10 sur 
vey rice areas tc identi fy quick! y new 
biotypes 

戶\

Stem borers (Diatrea sp. and Rupella 
sp.) in certain areas of Latin Americ <:l 

produce se rious damage. For thal rea
son , experimenls are being conducted 10 
screen breeding materia! for resÎstance 
Plant suckers of the Pentatomidae ancl 
Corimelaenidae damage the panic!e. A 
techn ique is being developed for screen
自 ng resi stant varieties under screen
hou se conditions 

Hydrellia sp. , a leaf m叭er ， IS com
mon in the Cauca Va lley, although il is 
easily cont rolled w ìth lhe applicalÎon of 
Di缸inon. Work is in progress tO study 
and correctlγiden tìf y Ihe species 川
volved 

WEED CONTROL 

One of the most serious rice produc
tion problems on the CIAT farm is the 
preparation of land for seeding. In fields 

Appl.ylng her l>icides wj出 lightwcight boom spruycr to kill hu\'csted rice plants an t1 
..educe contnmination In cxpcrlmental arcas 
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that are difficult to drain , weed plants 
contmue grow川9 at v嚕。rous rates. First 
efforts were to test the poss ibiJitγ 。f
chemically preparing land 

The two dominant species were Bra
chiaria mutica (para grass) and Hete
ranthera reniformis (mudplant ian ) 
Three areas were stud惜d ， two with near
Iy pure stands of the individual species , 

and the third w川h a balanced rYl i x tυre 
of the two , wi th the following general 
results 

Unless the standing wa ter 悶 re
moved , these weeds are not properly 
c0ntrolled by such usuallγeffective 

herbicides as 2, 40 , 2, 4, 5-T, Oicam 
ba ònd MCPA 

2. Heteranthera is controlled equally 
we ll by both l . 5 kq active ingre 
dient : ;la 2, 4-0 an d 2, 4 , 5-T 

3. Because of the resi stan't nature of 
these spec ies and the dense fo li age 
。 Brachiaría ， split applications 
5hould be made with 7 to 10 day5 
between each one 

4. Adding a small amount of paraquat 
to 2, 4-0 or 2, 4 , S-T did not in
crease conlrol , as has been indicated 
in another species 

A fc- Ilow-up experiment wi llυ se the 
more cffc:::tive treatmen'ts in these trials 
In 5戶 lit application and lhen U5e pre
gcrminated rice seed 

Another s tudy is compari n9 her
bicide selectivìtyυsing either dry or 
pre-germinated rice seed . We expect a 
lcss of selecti vity with several pre-emer
gance and late pre-emergence herbicides 
when prεgerminated see品 is used , as 
the chemical 亡。mes into direct contact 
wi í: h the seed 

We are comparing the competitive 
abìlity of rice in both seeding methods 
in the same trial. In theory , pre-germi 
nated seed gives the rice a much quick
er start and thus reduces weed com
petition 

Future work in chem ical con t ro l w ill 
fo::us on upland rice. The problems are 
much greate;- because product s must 
give longer control than is presently ob 
tained w hen there is no water tO give 
gocd cυItural contro l. Upland weed 5pe 

Cles often tend 10 be more resi stant than 
those in flooded rice fields 

SOILS 

Lowland rice produçtion on acid oxisc's 
in the Ll anos Orientales 

The ea5tern plain5 of Colombia (Ll a
nos Orientales) are characterized by 
very acid and hi月hlγleached 50i1 5, and 
a native savannah vegetδtion. The soils 
a :-e classified as OX峙。 15 w ith 9月dients

to ulti501s in the lower-Iying a re3s 
Flocded rice is the most im por tant CO I11-

mercial crop. The prcduct ion is lim ite:1 
to about 20 ,000 ha 5, all of which a,e 
locate:l on the wes'tern edge 01 the 110 
ncs , ðt the foot o f Ihe Andes. Rice yie lds 
are general1y low , 3-4 ton j ha , because 
01 low 50i 1 lert i 1 i ty , high bla5t 附c idencc
and a phys :ological disease ca lled " ana 
ra川 amiento" cr orange lea f di seas2 
CIAT scientists initiated research in 
1969 to determine the caus-e of " ana ran
jamiento" as well as 50ìl management 
practÎces to overcome 't he problem . Th弓
j:ot and labcratorγsludy was done at 
lCA's Palmira research center using soi l 
from Cari magua 

1. "ANARA NJAMIENTO" 

Fl ooded rice grown in the Ilanos nc r 
mallγappears rather healthy and green 
during the first month of growth. Duri ng 
Ihe second month , howeveõ , the plants 
become stunted , have in5u fficicnt tiller 
10 日， and the leavzs slart turning yelJow 
to orange . Typica l "anaranjamien to" 
begins withγellowing at the tip 01 the 
lowe r leaves , progres sing down the leaf , 
esp~cially along the margi肘， and mov
Ingυp thεp l ant tc the hi口 her leavc5. The 
lower leaves eventually dry up and die 
The slow ly formed new g;een leaves maγ 
give the appearance of a later recovery , 

but the plants remain stun ted and the 
ye 110wed leaves never tυrn green. The 
Fe content in the leaves is seldom above 
level s usually considered toxic (3日 D 
ppm). The rcots 01 aHected p lant5 are 
generally short with few rcotlets and 
are covered with a red iron oxide de
posi t. Sometimes the rcot tips are slight-
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Iy enlarged and dark red. Most roots 
seem !nactlve 

Because "anaranjamiento" is only ob 
served in flooded rice grown on IIan05 
50i1 5 ， 自 t was postulated that it was due 
to a nu'trient deficiency ar a reduction 
product toxicity. The latter seemed t。
be mare likely since high applications 
01 N, P, K and trace elements did not 
alleviatc 'the problem , Since the soilsδre 
high in Fe, and the symptoms are simi 
lar to the yellow type 01 Fe toxícity 
symp'toms , the dísease wa5 thought to be 
due to Fe toxicity. The chemical kinetics 
。1 the soil after Iloodíng were st udíed , 
with spec ial a~lention being given to 
changes in the Fe concentration in the 
50ìl solution 

A. The chemical kinetics of the soil and 
the growth of rice 

Two sets of experiments we re con
ducted to determine the effect of various 
treatments on 仙e chemical kinetics of 
the 50il. The experiments were done with 
6 kg soil in plastîc pots in the screen
hou5e. Every week , 50il solutions were 
extracted Irom a glass-T ín the bottom 
01 the p。峙， and simultaneously analyzed 
lor pH , Eh and conductívíty ín a spec íal 
Iy buílt cell contaíníng o ne g la ss ele<: 
trode , one calomeJ elect rode, two Pt elec
trodes , and a conductivity cell. Extrac
tion and analyses were conducted under 
N~ gas to prevcnt oxidation of the solu
tion by contac't w川h air. The solutions 
were then acidif悶d to prevent oxidatìon , 
and analyzed for Fe and Mn 

During the first semester the soil was 
míxed belore plantíng wíth 50 kgjha 
N (urea ), 150 kg/ ha P,O, (Ca( H,PO,), 
H,O ), 100 kg/ ha K,O (KC 1 ), 375 kg/ ha 
CaCO" and 125 kg/ ha MgCO,. Top dress
íngs 01 75 kg/ha N were made at 30, 
60 , and 75 day5. The treatments ínclud
cd var íous lengths 01 tíme 01 prellood 
íng belore plan t íng, delayed Iloodíng 
(50íl at líeld capacíty lor 8 weeks ), and 
MnO, applícatíon 5 at the rate 01 1,000 
kg Mn jha. In prelloodíng trea'tment 5 the 
soíl was submerged at 7, 5 , 3 and 0 
weeks befo re transpl anting. At this time 
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all pots were lertílízed and 7-day-old 
5eedlíng 01 IR8 were transpl anted 

Fíg. 2A shows the change ín pH ùlter 
Iloodíng. The pH íncreased Irom 4.1 5 
to an equilibrium value of 6.5 , but the 
increase was extremely slow because of 
a slow reduct的n . The rate of reduct ion 
was much faster in 'the presence thJn 
in the absence of fertilizer s. This is in
dícated by 'the lact that ín the unlertíl
ízed $oíl (seven weeks prelloodíng) the 
pH during th3 initial fi ve weeks in
creased to only 5.53 , wh íle ín the le r'tíl
ízed soíl (0 week5 prellcodí ng) í t ín
creased to 5 日4 ， The5e soíls appear to be 
so low in fertility that the application of 
lert山 zers greatly increases the rate of re
ductíon. Símílarly, wíth 0 weeks pre
Iloodíng the Eh (Fíg. 2巴) decreasod 
rnore rapidly than with 7 weeks pre
Ilcodíng 

In all cases the Eh decreased from 545 
mV to a con5tant vel ue of about 90 mV 
ín 10-15 weeks. Apparently , the hígh 
concentration of Fe buffered the 501υ
tíon at a relatívely hígh Eh. Po'tentíal s 
low enough for sulfate reduction were 
not observed in the 50il 50l u t ion 

The Fe concentration in so~ution (Fig 
2C) remained very low for seve ral weeks 
before ri5ing sharply to a maximum of 
300-350 ppm . Alter the peak , the concen
tratìon dropped to a constant level of 
150-200 ppm becau5e of precípítatíon 01 
lerrous hydroxíde at the hígh pH. Fe 
ìevels above 300 pprn have been report ed 
10 cause direct Fe toxi city in the ri c-::o 
plant. The applícðtíon 01 MnO, had hard
|γanγeffect on the pH and Eh , and hacl 
。nlγa sli日ht effec'l on the Fe concentra. 
tion , reducing the maximum slightly tc 
285 ppm 

The conduct ivity of the soi l solution 
increased 10 a maximum of about 800 
micro mho5/ cm before aec reas ing 'to a 
constant level of about 凸00 mícro mhos/ 
cm. The Mn concentraticn also increa s
ed upon I1∞dí峙， but never reached 
hígher than 2 ppm. Th時 precl udes Mn 
toxicity 

After the first semester the soil WðS 
dríed , síeved , and rellooded lor the sec-
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ond s~mes ter expefimenL S。自 I analys is 
shcwed a marked ly highe r pH and fe r
tility of this "used" 50il corn pared with 
o "fresh" lI anos soil (Tδble 7) 

Before flood ing , the soils were fertil 
ized w i\ h the same mater吋 Is ðS report 
ed for the first semes ter , except that 
the in itia l N, P, and lime leve ls were 
doubled 

The second semester expe r iment in 
cl uded va rious wa ter managemenl and 
other !reatments such ðs we't fallow , 
const ant and rot ationa l irri f1 a tion , vðr 
iou s d rõin age systems , and 'the addi 
ticn cf st raw and high leve\ s of lime 
w ith the reguiar fe川 ili ze r s

The pH and Eh curves ob t叫 ned were 
similar to those in Figs. 2A , 2 B. 8ecau se 
this 50i l had been c ropped once before , 

TABLE 7 

ph 

the ini tial pH was hi ghor (5.3) and ini 
t ia l Eh w.s lower (420 m V). The higher 
fe rtility leve l (and probab ly bac te riol 
populati on) resul ted in a more rapid 
red uction . Maximum pH level s of 6.5 
and minimum Eh levels of 80 mV we re 
reached in only four week s. The str aw 
and high li me aρplic訓 ions s lightl y in
c reased the rate of reduction and resu lt
ed in hi gher pH and lower Eh values 
The rotaticna l irrigation , con sisting of 
3 1/ 2 d ays fl coded a lternated with 3 
1 ' 2 day, d內， ma rkedly reduced the pH 
to about 5.3 and increa sed the Eh to 
300-350 ",V 

The differences am o ng trea tments 
we re mos t marked w川、 respec t to Fe 
concen t rat的n ( Fig. 3 1. Ma訓m山" Fe 
l evε Is were about 175 ppm in th悶

P(BRAYI , P( BRAYllj AI 
ppm ppm 

Ca C. E . C 
me 100 gm 

" Used" soi 1 
" Fre: sh" 50!! 

1 47 
1. 07 

1 . 16 
o 68 

5 . 29 
3 95 

64 

3 19 
2.22 

12.4 
13.0 

1 .8 
3.5 



" used" soil with continu。υs flooding. 
With the addition of 0 , 4 percent straw , 
the soil reduced very rapidly , while 
maximum Fe levels were as h句h as 310 
ppm. Rotational irriga'ti。門， started at 
three weeks after seed卅日， reduced the 
Fe concentration to nearly zero , whilc 
Ir (l 9剖 ion with in ternal dra川age (4 
cmj day) ma intai ned ir叫ermediale Fe 
level5 

P~a nt response. During both semesters 
the plant respon se 10 trea'tments was 
5ma ll. The plant s were always severely 
stunted and "ana ranjamiento" symp
toms appeared around s ix w曲ks ， being 
more severe during the first than the 
second semester. Prefl ooding did no~ 
show any beneficial effect and yields 
slightly decreased w ith increasing time 
。1 preflooding , The delayed flooding 
treatmen't showed 也naranjamiento"
on ly alter flooding , resul'ting in high 
straw but low grainγields. The MnO, 
trea tment resul ted in more severe " ana. 
ranjaml ent。“ symptoms ， which may 
have been due to Mn to別 city (5 ,500 
ppm Mn in leaves). but the final plant 
growth and yields were better 'than for 
any other treatment 

During the second semester " ana ran
jamiento" symptoms developed irrespec
tive 01 treatment s. Apply川9 fertilizers 
at time of seecling resulted in higher 
yields than at 'time of prellooding. The 
favorable chemical condi tions in the 
soil due to rotational irrigati on or in . 
ternal drainage were not reflected in 
higher y' el ds , probab lγbecause of fertil 
:er losses bγleaching and denitrificÐ
tion. Midseason drainage at two months 
resulted in the highest yield o f grain 
The addition 01 s'traw or high levels 01 
lime had no beneficia l effecL 

From these pot expe r iments and field 
。oservations the fo llowing conclusions 
were drawn: 

) . "Anaranjamiento" 的 no t a direc t Fe 
toxic1ty si nce it may occυr at relative
Iy low Fe concen tration s in soil s。
lutinn , result ing in relat ively low Fe 
levels in the plan t. However , it seems 

to be caused by damage 01 the 
rcot system by a reduction product , 
most likely Fe . The depo叫的n 01 Fe 
oxide on the outside of the root not 
。 nly limit s root growth but a lso pre 
vents the uptake of nu'trients , espe
cially p , In a soil already low 川
p lant nu tr ient s th is limited uptake 
ability 01 the plant leads to an im 
balance between supply and demand 
In a large plant with a large demand , 
a sma" increase 川 Fe concentratio t1 

in the 50il so Jution and subsequent 
coa'ting of the roo ts leads to a short 
age of nutrients. The plant compen
sates for that by tran slocatio n of 
nutrients from the lower to the high
er leaves resulting in o ranging ðna 
earlγsenescense of the lower leaves 

For th at reason , healthy plants, 
grownυnder cond ition s 01 high P 
and N or low Fe , are always first 
and most severely 剖 tacked by " ana . 
吋njamiento" ， once the Fe concentra
tLon 川 sol ution starts to build up 
Similar condit咱們 s of restri c'ted 巾。t
growth in plants grown in too sma /l 
a p肘 ， plant s grown on compacted 
so;I , or plants from which the roots 
have been cut , wi l1 lead to the sa me 
"anaranj amiento" symptoms 川

。ther than the lIanos soils. Since 
"anaranjamiento" is a 巾的 probler啊，

and primarily a result of ex treme P 
deficiency , loliar applicat ions 01 P 
eliminate the symptoms 

2 , In so ils with a rapid build.υp 01 sol. 
uble Fe , the plant rema:ns s't unte:J 
from the beginning and there is n。
need to ba lance the top grow th with 
the limi'ted nutrient supply . In th is 
case no typicaf "anaran j am時刑。"

develops , but the plants may suffer 
from direct Fe to訓 C lt y ， I.e . , an c :~ . 
cessive uptake of Fe , resulting in 
brown spots on the leòves , The cl jf. 
feren ces ìn shade of oranging ob 
served in the lield are probably due 
to va riou s combinations of "anaran. 
jamiento" and d irect Fe toxici 句， de
pending upon the age ðna size of thc 
plant at the time 01 Fe bu ild-up 
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Transplanting rice scelllings or 
IR 665.23. I 

Thrcshing rice rrom varlety experimcnts to determine yields 



3. A slow redυc t" on result s ;0 good 
們 itial plant growth , but the subse. 
quent late occurrence of the Fe peak 
results in severe "anaraniam間n t。“
and a considerable reduction in grain 
yield 

4. The severity of "anaraniamiento" 
can be reduced by a combinaticn of 
water management ùnd fertilizatic :l 
practices designed to maintain a low 
level of Fe and a constant supplγ 

。 f so/uble nutrients in the 50il solu 
tlon 

5. A buildυP of soluble Fe can be pre
vented by intermittent or rotational 
irrigùtion . A low Fe concent;-ation 
during flowering , obtained by m問l
season drainage, IS advan'tageous for 
grain formati o n. Constant flooding 
with ;nternal drainage maintains a 
low Fe lev剖， but th-e 1055 of nv. 
trien ts in the drainage water makes 
it counterproductive. Preflooding fo r 
three weeks has the advantage of 
passi ng the Fe peak before seeding 
Qr in the early s'tages of grow咐， but 
has the di sadvan tage that P applied 
at seeding is more rapidly 打xed . For 
that reason preflooding for more 
than th ree weeks 悶 not beneficial 

6 . Th e P fertilization should be a com
bination of a slow reJease P source, 
like ba si c sl ag or rock phosphate, 
incorporated before seeding , and ð 
more soluble P source like triple 
superphosphate applied on the sur
face at timc c f seeding. An addition 
ÐI biwc.zkly foliar application of a 
0.5 percent P solution (KH ,PO,) is 
probably benefic凶 ， but maγ not be 
practical 

7. A slow release N fertilizer , such a:; 
sulfur-coated urea , would probably 
be beneficÎal by providing ð constant 
su pply of N, while reduc ing blast 
attacks due to excessive N and d~ni
t r ification losses during soil dryin g 

AGRICULTURAL ENGINEERING 

Agricultural engineering and station 

opera'tions have des igned and developed 
60 hectares for irrigated rice; about 10 
hecta,es have been planted to rice a9ro"n
omy experrmen峙， and abcut 32 hec
tare:s for rice seed prodυction by croρ 
production trainees . Land development , 
land preparat ion , and irrigation have 
been under the direct responsibility of 
agricultυral engineering and sta t: on oper 
ations. Varieties , planting , pest control , 
and harves ting have been handled by 
the crop production trainees , a rice 
agronomist and a breeder 

Crop production and agricultural en 
gineering students and trainees and rice 
trainees werc given practical experience 
in wet land leveling and field irrig肘 lon

An experimental prototype rotati lJer 
ha s been used for wet soil puddling 
A one-meter diameter puddling ro tO:
was de訓gned and developed in 亡IAT for 
vcry soft soils 

Two Japanese rotat illers wi th rubber 
tire s were providecl with cage wheel ex 
tens叩門 s to work in flooded fields 

One of the major problem areas in 
the tropics is lack of machinery and 13 
bor sys tems to plant crops during the 
rainy season. Because 1971 was an 
unusuallγ wet year , it provided the op
portunity 'to plant rÎ('e under saturatecl 
s。叫 conditions. Ory land prcparation an ;:J 
seeding of o ther cr。但 proved imprac
tical 

Major irrig剖 ion ðl1d drainage proje::t s 
developed for tro戶 ical corn product ion 
and o ther upland crops have required 
excess ívelγhigh capital investments . The 
develcpme :1 t of !'uitable wet land prep
ara'tion equipment wou ld enable these 
areas to be placed in'to rice production 
with D m inimum inves tmen t. The use of 
cqUJp們ent in the continuous productio:\ 
of rice throughout the γear would fur
ther reduce thc cost in machinery in 
ves tment and provide unjform employ. 
m~nt and income . A preliminary rice 
production system has been impJement. 
ed on a 50 hectare area w i't h the inten. 
tion of planting app,oximately 1/2 hec
tare per day . Thus labor , machines and 
land wouJd be in continuousυse w1th 
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Land levclling under \Vater wlth a spike (oo(h Prep:!ring wct land with a protot)'pe rotary 
h::rro、v. tilier 

Tcstlng or a powcred cyilndcr for land Land prcparatlon under water wjth a small 
prcparation undcr watc r. S h.p. traetor 
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FIGURE 4 一- Estima t:::d cost of producmg pre :sent and new rice variet ies in ce l' tain 
L3. tin Ameri.:anζountries (U.S.$ Ton) 

an income of 2 to 2 1/ 2 tons of harvest 
ed rice per work daγMany problem s 
ll1 ust be solved ; however , the compo
nents necessa ry w刊 I be identilied and 
tried 

AGRICULTURAL ECONOMICS 

C'Ost of production 

An est; ,-:'"!ate was made of the cost of 
producing the t(a cJ itional and new rice 
varieties in nine Latin American coun司

tries . Bas ic dðta were obtained from na
I:ona l agricυItu r al research inst itu 'tes 
and/ or thc Ministries of Agriculture 

The estima ted cos ts o f produc t的n a re 
reported 附 Figure 4 and Table 8 . The 
esrlmates ðre rough guidelines rather 
than exact fjgures . The cost of produc 
tion tends 10 vary among regions within 
onγ 。 ne country and even among farm
ers within a region . The cost datð fo r 

each 。鬥 e of the countries are expressed 
川 ð common currencγ (U . S.$ ) for direct 
com parison s. The official exchange rates 
maγnot correspond tc relative domes
tic Pυrchasi ng power within the var 
'。υs c。υntries ， hence a direct compar 
ison of dollar costs may be biased 

Figυre 4 shows tha t the C05t of p ro
ducing rÎce under irr igation is low În 
Argentina while it is relatively high in 
Peru and Colombia . The cost per 怕的
。f rice produced under upland condi 
tions is low in Ecuador , Colombia , and 
Paraguay while it is high in Peru and 
Costa Rica . The production c05t per ton 
of the new rice vδrietie s is con5iderably 
below the C05t of producing pre5ent 
varie'ties. For example, the product咱們
cost per ton of present varieties under 
irrigation in Peru is estimated to bz 
abo u't $84 , while the estimated cost 01 
producing a ton of the new varieties i5 
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TA13LE 8. Estimated cost of producing present and new rice varieties in certain Latin American countries 
(U .S.$) , 

Country 

Argentina 

8razil 

Colombia 

Costa Rica :.: 

Ecuador 

GuatemaIa 

Honduras 

Paraguay 

Peru 

Prε3ent v arietv 
Jrrigation Non-irri gat ion 

Cosls/ha . Cos ts/ton Cos ts/ha . Cos ts / to :1 

170 . 71 

166. 08 

403 . 30 

1,8 . 00 

164 .08 

461 .36 

34 . 14 

47 . 45 

30.66 

50.85 

65.63 

日3.57

86.65 54.16 

2;)5 .34 84.38 

74 日7 53.27 

198.55 66. 18 

203. 50 。 7. 83

110 .48 55. 24 

183. 55 91.77 

N ew varie ty 
Irrigation Non- irr i e:ation 

Ccsls/ ha. Costs / ton Costs / h a. Costs/ ton 

190.13 

189.48 

433.63 

203.96 

179 . 14 

52日 14

22. 37 

31. 84 

Gl. 02 

35 .12 

42. 15 

55 .43 

11 2 .32 

295 . 34 

81.42 

211. 5:1 

217.,0 

1 20τ4 

240.05 

41 .2J 

~4 . 33 

:1 21 

41. 1 ) 

42.6 0 

35 .51 

70.60 

1. From: Vicente W. Ani bal S. Condicw l1 n (/e Cu/tiνo v COS(Oδ dc Producc ió l1 de Arroz CI1 afgwlos ραíses de Americα La ti l1 0 :i\ nd P~r 
Pin Slnlp-Andersen. Ecο 110111ic 1l11 plic:atio l1s 01 Pyod ucin g 11e\-v r; r.:r.: νarie llCS il1 La!i l1 Alηcrico ， CIAT 1971 

2. Jn Co則:"1 Ri c<l,“pr t::sent ...a ri e lv.' rcfc rs Iυ Ihe ncw va rieη JR8 



TABLE 9. A verage interna l who!esal f' prices of rice for cel.tain Latin American countries. 

1964 1965 1 9 6 6 1967 
U.S.S i % of w orld U.S.Si % of world U.S.Si 7v of world U.S.Si ‘品。f world 

Country m l: t'‘ ic market meiric m arket me'tric rnarket metric m arke l 
ton pr icc I ton price I ton p I'ice I tO!l. prÎce I 

Argentina 8日 20 58 56.50 4 1 55 .00 33 51.40 26 

Brazil 161. 00 1\3 11 6. 0 ~ ~4 202.00 121 

Boli via 202.00 148 2J6.00 149 258.00 155 

Co!ombìa 28 1. 70 207 247.0日 179 256 .40 154 223.10 116 

Chile D2.0日 141 225.00 164 202 .00 122 

Dominican Rep. 295.50 217 323.30 235 298.70 179 277. 40 142 

Ecuador 137.50 101 157 .60 114 153.70 92 165.70 85 

EI Salvador 207 . 6 ~ 152 211 .40 it3 22日 90 137 216.90 111 

Guatemala 228.50 168 239.80 l 寸4

Mexico 230.50 169 237 .80 1,3 256.4日 154 259.92 133 

Panama 276.60 203 273.20 1:";3 265 . 30 159 

Paraguay 93.80 87.30 63 

Peru 147 .30' 88 

Uruguay 160 . 0~ 113 158.00 114 159.00 96 

Venezue la 313 . 60 2 、。 231.00 20 4 28 1. 10 169 

卜 The price of Th~i rice FOB Thai!.,m c1 . 
2 A ve rage 1959-63. 
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ùbout $55. A more detailed discussion 
of the cost estima'tes and thc underlγng 
assumpt凹的 may be lound in the 
sources ìndìcated in Tab le 8 

Price analysis 

On the basis of existing rice pr ices 川

the various Latin American COvntr悶， an 
analysis was made 10 determine the re la 
live competitive position of each countrγ 
with res~ect to ric~ expor t. Table 中
的。ws the average internal wholesale 
price of rice for each one of a number 
of Latin American cou ntries. To obtain 
some ind阿剖 ion o f the rel a tive competi 
tive pos ition of each counlry, the inter
nal prices were estimated ðS ð percenl 
age 01 the export price 01 Thai rice I.o.b 
Thailand (Table 9). The price cl Thai 
rice appears '10 be a good index of gen
eral world prices 

Table 9 shows that rice prices tend 10 
be low in Argentina and Paraguay and 
high in Venezυela ， Dom inica n Republ ic 
ðnd Panama. The whol.~sa le prices of rice 
in countries such as Argentina and Para 
gυay were below the pr悶e of Thai rice 
during the γears included in the analysis 
Ecuador shows an improving competi
tive position. Most other coυnt ries show 
internal wholesale prices above those 
lound in the world mδrket 

A comparison of the internal prices 
in the va rioυs cou ntries with existing 
world market prices prov ides a rough 
guide l川e for the rel a live competitive 
position with respect to expor l. How
ever , a number of other fact c- rs tend 't。
influence the possibi lities for export , 
hence the above price analysis is no't 
sufficient to determine the export pos 
sibilities for the countries included in 
the analysis 

Utilization of increasing rice quantities 

It is expected that the adop't ion 01 the 
new rice varieties w ill cause a consid 
erable increase in the quantities of rice 
produced in Latìn America. Given the 
low price elasticities for rice for direct 
human consumption , it appears that 
alternative uses for rice should be 
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identified to avoid drastic price falls 
and / or large surplus stock accumula
tions 

Considering these relationship~ ， a 
stυdy WðS initiated after the Seminar on 
Rice Pol峙 'es to identify such alternative 
uses and analyze their technical and 
economic fea別 bil it y in Latin America 
The spec ific objectives o f the s tudy are 
( 1) 'to project the magnitυde 01 the 
production expansion due to the new 
varieties in Latin Ameγi ca in the short 
run , (2) to predict luture demand lor 
rice for direct hum C:lI1 consumption , (3) 
to identify and analyze the leasibility of 
alternat ive uses for rice , (4) to analyze 
the poten'tial alternatíve uses for land 
presently ut山zed lor rice, and (5) t 。
make recom mendðtîo ns on policy ìss ues 
related to rice production , marketìng 
and utilization 

TRAINING 

Three trainees from Ecuador were 
trained in rice and rice seed production 
and have now returned to Ecuador. One 
tr訓 nee from Brazil is b到 ng traìned in 
the same program . A postgraduate 
intern from Cclombîa ðnd a resea rch 
scholar Irom Ecuador linished their 
training and M.S. studies in rice pathol 
。gy.

Fi ve trainees frcm Brazil , Ecuador , 
Honduras , and Venezuel a spent about six 
months each in rice breeding Or agron 
omy and seed prodυct ion 

INTERNATIONAL COOPERATION 

During 1971 , vîsìts were made to 
Ecuador , Peru , Nicara gua , Costa Rîca , 
Jamaica and the Domini can Republic to 
。bserve rice-growing conditions and to 
<1 dvisc on prcblems of ri ce production 
Most of '~hese countries now have CICA 
4 in the ir seed multiplication programs 

During 1970, CIAT sυpplied 3 ，中56
seed lot s including segregat ing lines and 
bυIk populations to cooperators 川 LðtÎn
America. Major nurseries wen't to Gua 
temala , Honduras , Costa Rica , Venezue 
\a , Ecuador , Peru , Argentina , and Brazil 



Maize 
Production 
Systems 

The majority of farmers in Latin 
America plant ma自ze 自 n smδ11 plots near 
their ho uses or in fields of fi ve hectares 
。r less. The crop is characterized by low 
plant population , límited insect and 
weed control ，戶。or fertilizatíon , and 
local varieties. Yields average less than 
1,000 kg per hectare. There has been 
relatively littl e resea rch and extension 
work directed a t this farmer , especíallγ 
in the lowlands of the Andean zone 

Commercial maize production cm 
ploys available hybri缸I moderate rates 
of fertilizer , granular insecticides , and 
chemical weed contro l. Mcst research 
has been directed towa rd this cultural 
吋stem ， and current yields average three 
to six tons throughout the zone . The 
maize program works with these tw。
distinct cultural systems , and comple 
ments the efforts of nat ional programs 
川 the search for high.impact schemcs 
to raise p roduction 

MAIZE BREEDING 

The collection and testing of prom. 
ising germ plasm from a wide rang.~ 
of sources ccntinued . In addition 。
direct requests from nationa l and com. 
mercial programs for seed , we have 
planted a series of international trials 
These include the International Maize 
Adaptation Nursery (CIMMYT ), the 
commerCI剖， experimental , brach叭 ic and 
。paque trials fr om Central America 

(PCCMCA ), two trials Irom the Inter 
A別an Program (IACP, Thailand) , and 
several early generation trials from 
CIMMYT. In most 01 these trials , limited 
crosses among selected lines were made 
to test new and prom is ing combinations 
in the next cycle. Thi s rapid selectioll , 
development and testing scheme has 
been used with remarkable succeSS in 
CIMMYT to reduce plant height 01 
tropical maize. The selection cr i t軒 la we 
employ include low plant he i g仙， ea rly 
flowering and harvest dates , efficient 
dry ma tter prodυction ， and resista門 ce
to prevalent pathogens and insect pests 
Test ing 01 these materials will take place 
in regional stations as well as at CIAT 

A series of promising populations was 
planted in 197 1 lor observation and 
select的n ， These wi ll be carried through 
breeding cyc les lollowing several 
schemes: mass selection , modified mass 
selection , reciprocδ1 recurrent selection 
in two populations , and traditional 
inbreeding and hybr id format ion. Th時
間ries w ill be implemented in the f ield 
ρrimari ly as a traini ng tool , but will 
always b~ used with th e most promising 
germ plasm avδilab峙， so that any end 
product will be of immedi ate use. Bo th 
traditional hybrid systems and popula
tion improvement sch3mes are included , 
since national maiz-e improvement pr。
grams differ in their approaches , an :J 
trδining should be as broad as possible 
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FIGUR E 1 - Flow of germ plasm th r ough evaluation , tes ling and re lease in the 
Maize PrOduction Syste m s P rog ram 

Controlled pcllinations in mai :te allow thc 
concen tratioo of desirable traits in to potential 

commerclal varietjes 
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Selection of supenor genetìc combinations 
is based on daι‘I'rom repUcated yleld trial s 



Grain samples are col:eclc-d in lhe {ield 1.。
de!ermine moisture and ad ,just final ylelds , 

A scheme for Ihe flow of ma阻e germ 
plasm through our program c f improvc
ment , evaluat io n , and r刮目時間 outlined
in Figure 1. This scheme allows ðn 
e仟 icient ， 109ical , and yet thorou9h use 
。f each introduction , and considers the 
rapicl rnovement of large numbers of 
materials whi le minim izi ng the chance 
of discarding important germ plasm 

This plan allows rapid evaluation ancl 
use of material s. Observations, research 
trials , and recomb ination s on an Înter 
nationaJ sca!e w ill be a primary respon 
sibîlity of CIAT. Evaluation rrials and 
spccial purpose screening are shared 
by l1 ational programs in the z。門 e ， com
me ;- ci c:d companies , and farmers , in 
collaboration with C!AT. Ma ize improve 
ment within CJAT includes the part呵 'pa
tion of crop protection , ag向nomγand
50i15, nutrition , economics , and engineer 
Ing 

Grain samples for mo自sture determÎnatíon 
are carried to the [aboratory for evaluation 

MAIZE PHYSIOLOGY 

Wider adaptation of commerc ial hy. 
brids and varieti e s 凹 essen t ial in a 
region where maize is grown in such a 
range of micro-clirnates . There is varia. 
1ion in temperatu re (with altitude) , 
rainfall and relative humidity , availabl e 
energy , and soi l Iype , especiallγwith 
respect to l11 inor clemen峙 I and consider. 
able varÎat ion 川 day len91h w ilhin Lalin 
America . The area in ma月e In most 
micro.climatic zcnes does not j ustifγan 
improvement progra l11 and specific hy 
brids for that a rea. A preferred solut ion 
is to select a w ide range o f broadly 
adapled var削 i es or compos ites wh ich 
can then be tes ted in the many zones , 

and the best materi al for each zone 
increased in that speci干 ic area. Develop 
ment of these composÎtes req山 res
testing in collaborat 的n w叫h na t ional 
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programs , as we ll as more informa tion 
on factor s whic h influence adaptation 

Photoperiod sensitivity limit s north 
south exchange 01 germ plasm. Field 
studies during 1971 revealed a si mple 
inherit ance sys tem fo r sensit川 ty-pos
sibγas few as 'two genes-and thi s 
genetic pa tte rn is being tested in the 
c urrent cycle . A study of cri tical daγ 
length wa s inconclusive , and is being 
repea ted. Development 01 a broad-based 
syn thet旺的 underway ， and we must 
dete r mine the opt imum sys tem for 
transfering insensitiv ity from ou r 5。υrce
material s into other valυable germ 
plasm. Material s from other photoperiod 
proj ect s are being tested in the field in 
the curren t cycl e: these include 

CIMMYT, Uni ver sit y 01 Missω叭 . and 
Cornell Universi ty. Incorpora tion o f 
insensitivl ty Into p rom山 n9 temperate 
and tropical materials will facilitate 
their exchange among breeders 

Temperature sensitivitγlimits readγ 
movement of materials Up and 已。 wn
the mountair沾自n the Andean zone. I n 
coll aborat ion w川、亡。lombian col
leagues , and with art ific ia l I 句ht grad 
ients in the fie ld in two Instituto (0-
lombia no Agropecυ ar io (ICA) s tat ions , 
Ti baitata (2 ,600 m) and Turipana (se. 
level ), we a re explor ing not only the 
effects of temperature but also i'ts in ter
action with ph。怕period. Preliminary 
results from Turipana on the north coast 
indicate that photoperiod sensitivitγ 

Irrigation jn (lìeld photoperîod installation. Artificlal light exlends the naiural day and 
aids' in the search ror more widely adapted malze 
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disappears , or at least is minimal , un廿er
1、 igh temperatures (mean 't emperature 
28? C 1. Another study in collaboration 
with Purdue University in the same three 
locations (Tibaitata , Palmira and Turi 
pana) is testing the effects 01 tempera
ture and ligh't on m制ze grow咐， pro 
ductivity , maturity and protein quality 
The three locations w ith ICA are part 
。f ð larger project which includes loca
tio ns in Mexico a 門 d US 

An international study o f cold toler 
ance and frost resistance was initiated 
by Cornell Universi'ty in \971 , CIAT 悶
coordinating the trial s in the Andean 
zone , In San Jorge (2 ，900忌，300 m , C。
lombía ). Santa Catalína (3 ,000 m , Ecua
dor). and Huancayo (3 ， 3日 o m , Peru) 
germ plasm which has survived the 
rigors of a previous growth chamber 
test ìs being screened. These tests will 
give resul悶。n actuaJ resistance to cold 
and fros峙 ， and also allow a recombina 
tion of surv ivors into a re s時 tant syn
thetíc. Sυrv川ng and adapted materials 
from these three locations in the Andes 
w ill be combined with survivors from 
other locations一-Nepal ， Kenya , New 
Zealand , and New York一一into an inter 
ηational composite for use by rrograms 
throughout the temperate and high 
altitude trcpical world 

Plant type and productíon effíc íency 
are continuing concerns of the breeder 
Selection schemes currently emphasize 
short stature, earlγmaturity ， fewer 
leaves and smaller lE: af area , and mul
tiple ears. Efficient use of light , nutri 
ents and moistu 悶， plus the need for 
better resist ance 'to lodging , dictate th~ 
ne3d for a smaller p lan t. In the current 
season we are testing 50 s。可hum lines 
of diverse origin w hÎch represent shorts 
and ta lls , early and late types , leafy 
versυs sparse foliage , upright a 門 d horí
zontal leaves , open versus closed pan. 
icles , a range i 門 grain color , a 門 d other 
unusual characteristics. Yield data w川 l
be related 'to morphological characteris
tics of the plant to determine w hether 
there are some types mo re efficient in 

dry rnatter product ion pe r day. Similar 
studies are planned for maize 

MAIZE AGRONOMY 

Micro.element deficiencies con'tinue 
10 predominate among ou r agronomic 
problems at CIAT , Rates of boron be 
Iween 2 ancl 3 kg/ ha can appa.ently 
correct the observed growth and steril 
íly problems which have depressed 
maize yields over several seasons . The 
zinc deficiency , severe in rÎce , alsc 
affected maize in one I剖 e i ther foliar 
application or a soil drench with zinc 
sulfate reduced lolíar symptoms of the 
deficiency. A sorghum nursery now in 
the field shows 'tremendous differences 
among varieties in respon se to appar
ently low boron levels. Deficier、cy results 
in white streaks on the leaves, vegeta t ive 
prolíferatíon , delayed or no development 
of the panicle , and non-uniform growth 

A sc reening trial is in the field in the 
eastern plains at Carimagua , where 20 
varieties and hybrids of maize and 50 
of sorghυm received low and high lime 
application s, plus differen't levels of 
applied phosphorus , Prom峙ing resu lts 
fr。們的 i s cycle suggest that screening 
c rop species may pr。圳de a resistant 
type wh時h ca n be further selected or 
used directly under these adverse soil 
condition~ 

MAIZE PLANT PROTECTION 

Entomology. Maize and s。可hum
crops on the farm 川 the first season of 
1971 were seríously attacked by Ihe 
stalk borer Oiatrea ; average counts of 
εntry holes/ stalk were six in maize and 
three in sorghurn. The observation 
nursery of sorghu m showed striking 
differences in susceptibility to this 
borer , and a replicated screen ing test 
was planted in the second season. More 
than 300 sorghum collections and 100 
maize types were planted in 咐 í s fíeld , 
but the level of a'ttack was greally 
reduced. This research problem will be 
minimized with a new artificial rearing 
effort which will soon provide larvae 
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for artific ia l, contro l!ed, and υnjform 
infestation in the field. Mon thly or 
twice-monthly plantings of rnai血， sor
ghum , and legumes will be initiated t。
。bserve se asonal fluctuati ons in insect 
popu lations 

A small trial of prcmi sing formula 
tions of commercial granular insecti
c ides showed excellent control of Spo
doptera sp ., but the differences among 
treatmen ts were no t great b3.::aυs~ of 
a natura l con t ro l c f the 的sec t by a Bra
conidae that reached a level of 40 p~r 

cent control in combin訓 lon w 自 th a par
asitic fu 們 gi that produced 80 percent 
contro l this season. Thi s fungus whic h 
attacks Spodoptera in the f: eld hðS becn 
identified w ith the help of the Univor
sity of Cali fornia as Metarrhizium ani
sopliae . Thcse scrcening and dosôg:: 
t r ial s are valuab!c fo r the deve lopment 
of prOduclion systems for the CIAT 
farrn , and particularly fo r training cn 
tomologists in the com p lete range o f ac
tivities they wi ll fÐce in a national cr 
commercia l program. The ùva ilabi li ty o f 
a pùrasitic fungus for control of Spodop
tera creates new possib iliti es for ,th2 
fa rme r. Emphasis in the CIAT program 
rema ins o n integrated control a門 d 'thz 
use of a minirnal amount of in secticidc 
that will re :l uce the ccst of production 
and preserve natural predato r pop ulJ 
t 自。 n s

PathoJogy. The mai ze dwarf mosaic 
virus has no l been repo rted in Colombia 
In October , the visit of a Brazilian e lec 
tron microscopist and 0υr observa'l ion s 
in the fie !d of v ir us-like symptoms led 
to identification of this vir us on both 
m ai z.e and sorghum at CIAT. Inocula 
ti on and trõnsmission studies are in pïO
gress . Neighboring mai zE: and sorgh u ll1 

fields in the Cauca vall ey have on ly 
trace infections of thi s aphid-t ransm it
ted virus. Breeding materia\s will be 
screened fo r res ista nce in the next fi :e ld 
cycle. Mont hl y pl an tings of mai甜， sor 
ghυm ， cassava, and l egun、e s will p rovide 
da ta on seasonal fluc tυat ions in nat u 
ra l inocu lum of pa thogens 川 up l a nd

crops 
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Weed Control. Tri a ls were planted 
in the second season 'to evaluate sepa 
rate ly the e ffec ls of com petition fro m 
broad-Ieaf and grass spec ies in the mai ze 
crop. The t iming of compe t 此 ion ， ef
fec 't s of fertility and plant population 
are other fac tors inclυded in thes:= tests 
Each trial wi\1 be repeated in several 
seasons to provide rea listic results. S:=n
si tivity to atrazine in some maize and 
sorghum lines is of immediate commer 
C的 I concern. Because of the wide use 
cf tr i az叭e herbicides bγfarmers ， all 
imprcvemen t programs must eith er us~ 
atraz 自 ne as a rout ine application o r te:st 
jines for sens itÎv自 t y before 'they are taken 
through many cycles of improvement 

/v\AIZE ECONOMICS 

A mu Jt i-di sc ip li nary analysis of the 
factors associated wi th low maize yields 
in Colombia was initiated in late 1970 
(see Annual Report 1970). Thεobjec
tives of the study are: (1) to identify 
impo rt ant factors associated w ith low 
maize y ields amo ng sma!! farmers in 
certa in selected regions o f Colornbia , 
(2) 'to determine the inter re lat io nships 
among these factor s , (3) to s uggest 
avenues of approach to the problem of 
increasing yields , and (4) to develop a 
methodolo日 1日 I framework wh ich may 
be applied in s imil ar studies in other 
reglons 

A model wðS developed to illustrate 
the most important re lationships be
lieved to exist among the factors de'ter 
m ll"'l 1l19 m創ze yields. Three 5ets of fac 
to rs seem to directl y determ ine yield 
( 1) na'tural fac to rs such as soils and 
wea ther cond îtions , (2) quan ti ty ðnd 
qua lity of in puts used , and (3) manage 
men t. Input use and management ， 川

turn , are determined by a number o f 
other facto rs. The qυantitative analysis 
of this projec t wi ll be terminate :J in the 
beginning of 1972 

MAIZE PROTEI N QUALl TY 

1 . Selection of flint-type opaque-2 
-m，壘 Ize



TA BLE 1. Laboratory analyses and biologicaI evalllation of ftint and opaque 
splections from H-208, compared to caseìn and to normal maize 

Lab Analyses Casein 

Proteîn 
Lysine 
Tryptophane 

Rat Growth S tudies 

PER (prot. effic . ratio) 3.68 
% of casein 100 

N Balance Studies (chilàren) 

Di耳，t目PHJ bil tty 9日

Net Protein Utiji 2.ation 75 
Biologica l Value 77 
N Retention / Day 1. 81 

The searc h {or a high q ua lity rna ize 
W吋h a flint endosperm con tinued 
through two more cyc les in 197 1. Labo
ra叩門 and biological resu lt s are promis 
ing and pre !i m ìna ry stud ies of nitrogen 
balance in children confirmed the labo
ratcry and rat data . A summarγ i s pre 
sented in Tab1e 1 

The qu a lity of the ye llow flint selec 
tions is essentia lly equa l to .th c origina l 
f10ury opaque-2 phenotype. 1 n a whi tc 
hybrid , H-255 , selection towa rd a crys
t a ll川e endosperrr、 wa:; accompa ined by 
a reduced Iys ic c ancl t ryptcphane leve l 
ilS well as J lower b io logica l va lυ~ whz:l 

led tO ra ts 
Thc current program emphasizes se 

lect ion toward an " alrr.os t flint " grain 
type; laborato ry an ðlys::; are used t。
confirrn the enhanced Iysì ne leve ls. T。
ccncentrate mod ifiers 附 des ì rable germ 
plas m, we are planning to put th e opaque 
ch aracter istic into as many genetic 
backg ro unds as pcssible , an d th en sel ect 
for qu a lity and a hard endosperm. Ea riy 
success in these se l eζ tion s indicates tha t 
a commercia l ve rsion of opaque-2 with 
i) more acceptab!e g ra in type maγbe 
òva ilabJe soon 

2. Effects of climate on protein qual
ity 

The coopera t ive s t udγwi th Purdue 
Un iver si ty cn prctein quality was men. 
tioned earJ ier . Thi s resea rch has been 
through one cycle ;n Tu ripana and in 

H-208 H-208 H-207 
opaQue fl int normal 

8 .9 9.6 9.9 
4 .0 3.7 2.7 

:)7 í J 

3.21 2. 81 1. 43 
87 .2 可 6 .4 39.4 

91 87 78 
6日 65 36 
76 75 47 

1. 52 1. 5) 93 

P3 lm :ra. 1" 1972 wc wil l get quality 
data from ears harvested in two se3-
son5 川 Tu ripa na and Pa lm i日， and one 
~x tεnded seÐ~on in the highl ands nea r 
8090ta. In stru men.ts have been instal Jed 
In a ll three loca t ions for ligh c energy 
measurements , and thi s c limati c info r. 
mation wilJ be related to m剖untγ and
qual ity da ta 

3. Further nutrition work with maize 
In cc llabcra tion with ICA , the swine 

prcgram ha s ca rr i~d out ex ten s ivc 'tests 
cl Ilou ry-2 maize and the comb川剖 lon
of floυry-2 with opaque-2 . In a l1 tests , the 
fJ oury-2 gene either alcne or in com. 
b inaticn with the op3que is infcr :or ' t。
tho commerc ia l opaque hybrids. There 
i ~ no apparent advantage to co鬥 tlnuln g
s tudy 01 Iloury-2 material s . More detail
ed results are presented in the Sw ine 
Prc duction Sys tems sectic 門 Con't i n山 n9
resea rch with swì ne will eva lua te new 
and promising maize se lections develop
ed by the breed ing program . Lifecycle 
feedì ng s't udies (see Swine) will con 
tinue to st udy the long- term effects of a 
.J iet wit h opaque-2 ma阻e as the ma jor 
;)r onl y sou rce of prote in. O th cr pro t-~in 
sources are being evaluated in term s of 
the ir value to !;upplement an c pnque-2 
rnai ze die t. Nutr ît iona l evaluation of 
sorgh um will follow ou r identification 
of se lect ion5 which are well-suitcd fo r 
the weathered soi ls of the Jlanos where 
l11 aìze m ay not be profitable 
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TABLE 2. Seed of opaque-2 maize distributed by the Naticnal Seed Production 
and Marketmg Agency ot (;0的mbia ， 1968 10 1971 

Year 

1968 
1969 
1970 
1971 

Tons Sold 

2 
8 

40 
230 

PROMOTION OF OPAQUE-2 MAIZE 

Opaque-2 marze rn 亡。lombÎa rs be川9
promoted by an inter-agencγcommittee 
Primarily an ICA acti vil Y, thi s project 
has been supported in part by CIAT and 
from UNDP fun ds , administered by 
CIMMYT. Numeroυ5 Colombian agencre s 
have participated in field trial s, nutri
t ion research , consumer acceptability 
s'tudies, and prom凹的nal activîties. Seed 
sales and hectares planted have shown 
a stril引 ng increase since Ihe introdu c 
tion of thi s maize in 1 9凸8 (Table 2) 

TRA1NING IN MA 1ZE IMPROVEMENT 
AND PRODUCTION 

Maize bree廿er s from Ecuado r, Haiti 
and Honduras participated in the im
provement and physiology program in 
1971 . Ten students from the Faculty 01 
Agronomy , Nationa\ University, worke d 
W自 th the maize p rog ram during vaCð-

Hectares Planted 

100 
500 

2,000 
13、 200

Families Benefitte-.J. 

250 
400 

8,000 
笠主旦旦

tions and b的ween semesters . In addi. 
tion to this full time in-service tra 川In g ，
the maize program s 附 CIAT and ICA 
。 rganized a mon th-Io ng in tensive course 
in breed ing in June . The objective wa s 
to share experiences and bring new in . 
formation to a group of breeders , each 
with one to four years of experience in 
m刮目 Ten pa rt山pan t s shared in the 
planning , prep ared lectures, and eva l
υated the series of con fere nces. Outside 
participants from ICA, CIAT, and other 
institutions p resented top ics . A series of 
specia lized reference books on maize 
improvement and genetÎcs wa s distri
buted. This tγpe of intensive training 
proved va luable to their wor k; more 
valuable experience could come from 
spec ialized courses that focused on few
er topics. These 圳 11 be organized in 
the coming year 

Fu'ture t rainees will receive experience 
in maize production before dedicating 
full time effo rts to breeding or other 
這pec ialized 訂elds . This practical expe. 
rience in crop production will help 
。rient their research interest s and ac
U v川的 toward the real problems faced 
by the farmer , and betler prepare agr。件
。mist s who can fir st grow a crop well , 
and then concentrate on improvement , 

physiology , protection , or fert i1 ity wo rk 
The maize leam has participated ac. 

tivelγ in the tra ining program in crop 
p roduction. Seminars in breeding , 
grow th and development , physiologγ， 
pro'tection , nutrition , economics , and 
cngineering have been prepared and pre 
sented to the tr剖nees. CIAT participa
tion in these classes includes senio ì" 

sc ienti sls , res.earc h associates and as sis 
tants , as we ll as trainees 

Training of young scientisf.s' recetves high 
priority in the ma i:z.e program 



Field d.iscusslon amon&: speciaUst6 from lNJAP (EcuadOr), CIM1\IYT (Menco) and 
ICA.CIAT (Colombla). 

'I1Ie JV Andean Zone 1\1aize Con1erence was held in Pal血Ira 且 November， 19i1; (ield trips 
showed maìze an (1 sorghum crops ì.n t f1e Cauca 、Valley



MAIZE INTERNATIONAL ACTIVITIES 

The IV Andean Zone Maize Conlerence 
wðS held in Palmira in November , host. 
ed by ICA and CIAT. More than 50 par 
ticipants from 12 countries presented 
formal papers and discussed topics in 
ro und table sessions dedicated 10 im
provement , phys iology and agronomy , 
plant protection , nutrition , economics , 
and sorghum. The gro up decided 10 meet 
each year in djHerent locations in the 
7.0ne. A ~econd plan to have a general 
conference everγtWQ years , and a more 
specialized workshop in the alterna t-z 
years , will al so be consídered. CIAT 內
coordinaring regional trials within the 
Andean zcne , and will continue to serve 
as a SQurce of information , reprin峙，
and germ plasm for national programs 
A bimonthly newslelter will be published 
starting in 1972. A joint team from 
CIAT and CIMMYT evaluated the natior,-
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al programs in Colombia and Ecuador 
in 1971 

Coordination of research projects and 
。ther cooperative ventures reqυire fre 
quent 'travel in Colombia and the zone 
Senior scientists working with maize 
have traveled 10 Ecuador , Perυ ， Bolivia , 
Venezυela ， Brazil , Central America and 
Mexico during the pa st year. In add忱的n ，
they have attended meetings in Calilo(
nia , New York , Miami , the Philippin~s ， 
Nigeria and MexÎCo and pres-a nted 
research resulls from the maize projects 
detailed above. Research assistan'ts and 
trainee5 have worked in Carimagua , 

Turipana, Tibaitata, and other lCA 5ta. 
tions in Colombia as part of their 
research and training activities , These 
coopera t' ve research projects and travel 
are the core of CIAT' s international 
work , and provide an avenυe for n、。vmg
germ plasm and sharing ideas through 
。ut 'the Andean zone and the tropÎCs 
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Production 
Systems 

The objective 01 CIAT' s limited work 
in fcod legumes is to assi st in the de. 
velopment of more and better quality 
protein for people in the Americðs , 
Asia and Africa who cannot acquire it 
from animal SQurces 

The adult requires appr。別matelγ14
percent protein for his maintenance diet 
The lood legumes, or pulses , have a h句h
level 01 protein in the edible seeds. Per
cent protein varies from about 15 to 45 
percen t. However, grain y時Ids have per
sistently been qUÎte low in comparison 
to cereals. With 't he increases in pro~ 

duction of wheat and rice , the market 
price for these commodities has tended 
to be more favo:-able for the consumer , 
and for the farmer who can prodυce 
cons!derably mQre perυnit ðfeð of land 
The net effect is that there is less lood 
legume production , and fewer people 
are getting 'the plant protein provided 
by lood legumes 

CIAT has begun work il1 lood legumes 
principally with dry beans (Phaseolus 
vulgaris) and soybeans (Glycine max) 
and to a limited extent in cowpea 
(Vigna sinensis) and mung bean (Pha
seolU$ aureus). 

RESEARCH ACTIVITIES 
Ory Beans 

Three thousand eight hundred and 
eighty pJant introductions we re received 
Irom the United States Department 01 
Agricu l't ure for observation , se lection 
and increase . Through cooperation with 

the Institu to Colombiano Agropecuari。
(ICA ), plantings have been made at Pa: 
mira and Medellîn . Thirty- two charac
ters , including morphological characters 
and disea se reactions , have been record 
ed on all lines 川 a t least one sem.es 
ter of growth. Entire entries and indj. 
vidual plants within en'lries are being 
selected and replanted , where selection 
is again practiced . A nursery o f rea SQn. 
ably healthy plants demo nstrating di 
versitγof characters and promise is 
being assembled 

Soybeans 

A thesis study to examine the herÎ
tability 01 time to Ilowering and length 
of growing period is now in the F3 gen
erδt ion. Pa ren ts in the two pa rallel 
s tudies include one parent with demon 
stra'ted yielding abilitγand generally 
good agroncmic ch e. racters crossed w叫h
a plant introducticn origina l!y acquired 
from the Ryukyus Is land groυp. The two 
parents of the fo rmer group respond t。
the environment at CIAT much as d。
most of the varieties from the Un師d
States: relatively short , early flowering , 
early maturing plants. The plant intr。
ductions fl ower and matυre cons idera. 
blγlðler. Whe rea s the U.S. material 
Ilowers between 25-35 days , the tw。
plant 的，'trod uc tions flower about 45 and 
85 days after em ergence 

It is possibJe to increaseγield in cur. 
rent producticn systems by geneticallγ 
delaying the date 01 flowering , allowing 
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the plant to grow larger bεfore repro
duct ion , and delaying the da te 01 rna 
turity . By setting the se 't wo character 
cha nges as 90al5 , we al r: o expec t 10 get 
a taller planl , pods that lorm higher off 
\he g round and inc reased seed y時Id

One o f the p la nt introductions used 
as a parent ha s demonstr ated resrstance 
10 certa川 insects in the Un ited St ates , 
pa rticularly the Mexican bean beetle 
Beca use of its ex t remely st rong photo
periodic f\owering response , crossing in 
the U.S . latitudes ha s been difficul l. A 
breeding p roject inc lu d ing 22 determ卜

nate , southern U.S. va rie ties and thi s 
plant introduction is underway 

In cooperation wi'th the m創ze per
sonneJ , ini tial photoper iodic scr e-~ning 
has been started to seek insens巾V叫 Y to 
photcper iodi sm. To date , non e is kno wn 
to exi st. There aγe ， however I degre2s of 
senslt l v l 仙， and selection for low sen si 
tivity will be practiced 

Cowpeas 

Cowpeas，訓。ng wi th soybean s and 
dry beans , have been sent to the ea stern 
lIanos of Colombia for observa
t ion in the environment at the research 
s t肘 ion nea r Car imaguð. In th旭 envlron

ment of acid so ils and occ asiona l 
drouths , the cowpea holds considerable 
promise . ln an experiment with three 
level s o f lìme applicat ion and con tro l 
(6 日 ， 2.0 , 0 .5 , and 0 to ns Ca CO, por 
hec't are ), the highest lime app l 自 cal lon
resulted 川 greater plant deve!opment 
Despite the so il and moist ure regim凹，
the cowpea var i.eties dld grow Dnd p ro
duced a respectable γield under the 0 
and 0.5 lime treatments 

Fifte3n hund red lines of cowpea are 
being screened at the ICA Ma rco nia sta
tion near San ta Marta . Pro mi sin g lines 
wi ll be p lanted a't CIAT with selections 
be ing made for disease resistance and 
γie l ding ah刊 it y

Mung bean 

Fifty promising Jines of mung bean 
were rece ived from the University of 
Missouri for growth and obse rvat ion 
Although the vegeta live growth is not 
terminated a t th is moment , it is eVI . 
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dent 'that the p lants and seed produc
t io n w ill be small 

Rhizobium 

A soil microbiologist joined the CIAT 
staff in May , 197 1. Field and glasshouse 
studie s are now underway to de termine 
wh ich bacterial cultures are most effec 
tive in thê symbiotic r e l δ tionshîps wit h 
vario us legume species such ðS Phaseo
lus vulgaris , P. aureus , Glycine max , 
Arachis hipogea , and Cajanu5 cajan 
Field su rveys a re being undert aken to 
exam ine the distribution of rh悶。b i a in 
'the soil and th e effectì veness of native 
stralnS 

ln ves tigati ons are ìn progress to de
termin e the potentîa l of var io us carrier 
med伯 for inocuJants. lmprovements in 
carrier med ia will mean extension of 
di s'lances and area s served by supp lie rs 

5oil. 

Micronutrient studies at CIAT incor~ 

ρ。rate th ree varieties o f soybea ns and 
three 01 dry beans. In the high pH 
soils , zinc is the most limiting m閃閃一
nu tr ien t. lro n, manganese, and bo ron a\l 
gave S\ig\ll responses . The soybeans re
spond more to treatments than do dry 
bean s 

Plant protection 

Pl ant protect ion studies w ith herbi 
cides have been star'ted. Soybeans and 
partlcυlarly drγbeans ðre ex tremely 
poor com戶e titor s w ith other plants . If 
we ca n de~e r min e the best weed control 
comb ina tion , yield s wî ll improve 

TRAINING 

Tr ai ning is p rov ided promisÎng young 
scient時ts. One trainee worklng with the 
progra m is now a research ass istan'! 
w ìth CIAT. Ano ther is being trained in 
breeding( physiology 01 soybean s 

Techni ca l ass istance in agro nomy , 
physiology and breeding has been given 
10 the production trainees 10 help Ihem 
became fam iliar with the cultural meth
ods , s trength s, and weaknesses asso
cìated with 廿 ry bean and soybea n p ro
duction 



FoOd legw司(le plots are freq u..ently observed 
to isolate desirable plant characteris tñ.cs under 

troplcal condltions 

B.reeù.ing and selection practíces are fmpor 
tant eJements in CIAT's soybea.n improve. 
ment program. A speciaUst 國akes an evalua 

tiOD within F, generaUon plan1s 
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P1geon pea (Caja.nus cajan) produc自 weU even under a rnJnimum of technology. Dry 
seed (len. with repr個entative pod) can be used as a rood subs位tute ror tield beans , 
yielding 3 tonsjha, more than twice that of tleld bean.s. Green g:ralns (吋ght， with r epre. 
sent.aUve pod) can 回bstitute green p曲s. Reproductive ele血ent or Cajanus plant is in clrcle 
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AGRICUL TURAL ENGINEERING 
and STATI側 OPER盯IONS

The Agricultural Engineer川9 group 
was occupìed in training a日 rícultural
engineers in sta tion developmen't , 5ta
tion operations, and commodity pro 
grams , support and general administra
tive functions 

From May to Aυgust ， 1971, lour third 
year agricu ltural engineering students 
Irom the Univers idad de l Valle and three 
lifth-year students Irom the National 
Universi句， Facully 01 Agronomy , in Me
dellin were placed for work experience 
in the positicns of: helpers to tractor 
drivers , mechanics , topographe悶， I rrl
gationists and labor supervisors 

Six graduate agricultural engineers 
a150 participated in a work lraining ex 
peri e: nce from June until Oecember. One 
of these is nQW empl。γed by Ins'tituto 
Colombiano Agropecuario (ICA) in a 
tropical experiment station , one by In s 
tit叫。 Cclombiano de la Relorma Agra 
ria ( IN CORA) in irrigation and drainage 
projects , and one assis'ted ín the design 
and development o f the Boliche station 
in Ecuador and has been employed by 
the Universidad del Valle to gu 自de agr i
cultural engineers in the training ex
perience. The others are still in training 

The training techn叫ue has been t。
place the trainee with a qualified trac'tor 
driver, mechanic , topog月pher ， labor 
supervls。人 and field engineer. He acts 
fir st as assistant and then occupies the 
position befcre moving to the next posi
t;on . Time in any position varies from 
a few days to five weeks. A report by 

the trainee on his individuaJ work ex
perience is requested and cert ified 
These reports then serve as a reference 
and record of experience. The desire 
is to develop responsibílity in the trainee 
and to emphas臼e interdependence of the 
superv峙。r and supporting workers , so 
that the trainee may appreci ate the need 
for decision making and respon剖 bilily
and the need to select , train , stimulate 
and gui de skilled person nel to carry out 
the operatìons 

Station Development 

Developmen't 01 the CIAT station has 
continued thr。υgh 1971; aerial photo
graphs cf the station were made 
January , 1970 and December , 1971 
These show the change in status, as wel l 
as soil 戶 roblem areas 

Production Systems 

Any ag rìcu ltural production system 
問quires development , maintenance , and 
operation of land area , roads , irrigation, 
drainage，的。戶， and machinery facilities 
by competent personnel in order t。
prcd uce a crop. A major portion of time 
has been devoted to produc ing commer
cial scale and experimental crops by the 
use of the best available information 
Records 01 work input s have been kept 
。n individual fields , and machines were 
used to cbtain cost and output. Farm 
equ中ment work has been divided int。
33 classifications with time and fuel 
con su mptions reported in records of 
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repairs and hours worked ; type cf work 
has been kept by individ ua l t rac tor unit s 
Figures 1 an d 2 illu s trate lypes 01 data 
obtained 

Since machinery is the excepti on 
rather tha n the rule , and corn , cassava , 
and food legumes are mostly grown 
without mechanization, W~ cl ass ified 
various routine labor operations into 30 
~tandard labor contracts. These are used 
to maintain and operate th :) exper iment
al ~tation areas and crop production 
systems . A balanced utili za tion of labor 
and machines to prod uce food crops is 
an ess.ential part of any produc t的n
system in the lowland tropics. The need 
fo r food and employment arc both 
criticaL Properly used machinery wi ll 
l 門crease both food production and 
employmen t. The mQst efficientυse of 
machinery is in land preparation , trans
portation , land developmen t. irrigat io n , 
and drainage 

One of the major problem areas in 
the tropics is lack of machinery and 
labor sys tem s 10 plant crops during Ihe 
rainy season . Because 1971 wa5 an 
unusually wet year th ere was little op-

portυnity to plant rice under satura ted 
soil conditions s ince the dry land prep 
ara'tion and seed ing of other crops 
proved impractical 

The lack 0 1 suitable equipment pre 
vents easy impJementation of the wet 
land p reparation sy!:tem 50 w idelγ u se:l 
in the rice-produci ng areas of Asia. The 
vast , poorl y dra in ed areas of ,k.atin 
America shou ld be the best prod uc ing 
areas. Malariù , and the absence of ð 

draft animal such as the wa ter buffalo, 
have led to the under-utilization of these 
pc ten tia! ly m05t va iuable areas 

From November , 1970 until January , 
197 1, the agr i cu ltυra l engineer se rvecl 
as a consultant 10 th e Wor ld Bank in 
the evaluation of a loan to support the 
development of agricultural re s.~arch 
cen ters in Spain 

In March , July , Septembor, and Octo
ber , he v悶ited Ecuador to ass is t In s
t i tυto Nacional de Inves tigacione5 Agro
pecuarias (INIAP) in the development 
of the tropica l agricultural research sta
ti ons at Bo!i che , Pi chili ngue and Pυert。
Vj.e戶， w叫 h ma jor emphasis on Boliche 
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AGRICUL TURAL ECONOMICS 

Thc AgriculturaJ Economics Prograrr、
is an integra l part of the overall 
CIAT prcgrarn. Economic studies that 
compJement the vari。υs commodity pro 
grams (see commodity program re
ports) are underwaγfor all commodi 
ties except legU r.i 2S. Major emphasis is 
being given to the economics of pro:J uc 
tion problems relating to each commod 
ity, but marketing prc blems are al50 
considered. Special attention is "being 
given to the economic consequences , 

間 I effects on pric凹 income distribu 
tion , investment. employmentδnd lor
eign trade of increδsed production 01 the 
CIAT commodities and others that are 
c!ose subst itutes for them 

This sectìon report s only thosc activ 
ities carried out by the agrícultυral 
economists which do not logically lall 
under cne of the commodity p:-ogram 
rcports 

Farm labor study 

Jnten .s ive use of labor characterizes 
a good deal 01 Ðgricultυral production 
in the lowland tropics. At the same time 
the abscJ ute number 01 rural people 
continues to increase a1t hough the pr。
porticn of rural to urban popuJation 
decl i nes. Conseqυently there are prob
lems of particular socio-economic il11 

portance related to the agricuJtural la 
bor n、arket

A stυdy was carried out in collabora
tion with the University del Valle to es
timate the impact of increasing agricul
tural production on rural employment 
,lnd wages 

Oata on rural wages during 1967-71 
we,e gathered from various regions of 
CoJombia with the cooperation of the 
Caja de Credito Agrario. Information on 
rural employment , agricultural produc 
tion and wages lor 1950-70 were ob
tained from secondary sources. 

The rural labor sector re-ceived only 
a small part of the increase in the total 
revenue obtained by the agriculturaJ 
sector during the period stud時d. The 
川crease in total rural labor remunera
tion was δImost matched by the increase 
in employment , hence average real 
wages per worker stayed about the same 
during the live-year period 1967-71 
It should be noted that agricultural pro
duction expansion was sma!1 during the 
perìod consìdered. Hence , the conclu
sions of th is study may not be valid un
der rapid production expansions 

Economic Împact of new technology 

A study is in progress to estimate the 
ìmpact of rapid expansions in the pro 
ducticn of selected agricultυra! commod 
Itles on certa川 key factors such ðS 

pr眩目， Incom肘， income distribution , in 
vestme川， employment and foreign trade 
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While agricultural resea rch and ex 
tension may aim at increasing prodυc 
tion , the ultimate 90a1 of these activi 
t ies must be to improve social welfòre 
of the p曲ple served. Hence, 10 orient 
research , extension and public policy 
so as to maximize thc contribution to 
sccial welfare, it is consider::d impor
tant to understand the impact of pro 
duction increases on the above mentÎon 
ed factcrs 

A mathematical model to estimate th~ 
impac í: of rapid prod uction expansions 
。n these variables is being developed 
Major emphasis 悶 placed on developing 
a framework by which the d問 tr ibution
of benefits from the in troduction of new 
technology may be estimated under al 
ternative pub lic polic陪S

As a first step to obtain quantitative 
informat昀n for the model , a study is 
being carried out tO estimate income, 
price and cross elasticities for certain 
selec ted fcod products 

Data were obtaine廿 from a sυrvey car 
ried out amcng 300 familie s randomly 
selected frcm the metropolitan area of 
Ca 1 i, Colo"、bia. Each famil y was 川 ter
viewed in January , 19凸中 bγa Michigan 
St剖 e University research team 1 and 
again in Aυgust ， 1970 by a CIAT team 
The families were o rgan ized into fi ve 
economic stra ta accord ing to the follow 
ing monthly incomes 

1. Seç: Harotc1 Rilcy el. af. MMket Coordina 
tion in i.he Devetopment of the Co. uca 
Valley Region - CoJombia , Lntin American 
Studies Ce :l tcr , Michigan State University , 
1970 

5Ir.l. Monlhly income (Co l. S) 

o - 750 
11 751 - 1000 
111 1001 - 2000 
IV 2001 - 3000 
V 3001 and up 

Even though the data have not been 
analyzed , prelim川ary result s have been 
obtaineo for income elasticities with re
spect to the commodities included in the 
overall CAT prog月m (Table 1) 

The income elasti city shows the per
centage change in demands associated 
W自 th ea.ch one percent change ;n con-
5umer incomes. The measure is useful 
ìn es'timating future demand increases 
cause:i by changes in incomes. If，他r
cxample，自 is predicted that consumer 
incomes will increase by three percent , 
the assodated percentage increase i 門

demands is given by the ìncome e\astic卜
ty multiplied by three 

Table 1 shows that increasing incomes 
will have little effecl on the demand for 
cas~ava ， maize and rice. Higher income 
families tend '10 consurne less maize 
and cassava as incomes increase while 
low income fam山的 tend to increas~ 

th:a consumption of these commod山es

at a modest rate. The impact of income 
expans怕的。n the demand fcr meats is 
relativelγlarge. Ag剖n ， low income fam
ilies tend to spend a larger proportion 
of their income increa s-es on meals th an 
do high income fam i1 ies 

The mδgnitude of the income ela stic
ity with respect to any one commodity 

TABLE 1. Estimated income elasticities for five food commoditi但 in Cali, CO
J.ombia by economic strata 

Strata I Il III IV v 
Peciod 1 1969 1970 1969 1970 1969 1970 1969 1970 19日9 1970 

Cassava 0 .26 0.28 0.33 0 .36 0.28 0 .28 --0.78 --1.09 --1.41 --1.03 
Rice 。 22 。 35 。 59 。 65 0 .49 0.59 0 .37 。 23 。 25
Maize 。 19 C .19 。 25 0.44 。 3日 。 39 --0.25 --0.22 --0.33 --0 .45 
Be..ef 1. 16 。 91 1 日6 。 76 。 92 1. 09 0 日3 。 66 。 66 。 55
Pork 2.61 2.42 2.07 1. 04 2.09 1 日5 1. 61 1. 17 1. 13 1. 13 
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olong with the predicted popul ation ex
pansion provides a rough estimate of 
demand expa nsions at prevailing prices 

肘i because o f thc întroduction of im 
proved production-expa 門ding technolo
gy or otherwise, commercial product ion 

expands at a ra te above 'the ra le of in
crease in demands , prices tend to fall 
The magnitude of the price decrease is 
determined by the price and c rass e)as
'ticities of demand. Attempts will be 
made to estimate these elasticities on 
the basis of the data collected 
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Man 15 the cen tra l component ot an 呵ricultural system , wbether he is Ihe ranner (吋ghi)
。r 也e technical ad吐sor.

The continuous growmg s曲son In甘opica1 areas permits tbe 且.multaneous cwtivation ot 
也lterent 時前i個 of p1ants under spec1fic systems or agTiCultural produCtion 



AGRICUL TURAL PRODUCTlON SYSTEMS 

The intended outcomes 01 CIAT 
effort s are commodity production 
systems , alon9 wÎth the associated in~ 
form剖的nal materials and trained per 
sonnel , 

The components of a system include 
the technology, the natural environment 
in which the system operates , and the 
people invoJved , as well as the assoc昀ted
自 npu't s and 川frastruc tures

An efficient farm enterprise often 
hinges on the integration of seve ra l 
commodity prodυction 5γs tem s into a 
single uni t. Such multi-commodity farm 
units lend them se lves to c的p rotation , 
utilization of crop residues and su r 
pluses by lives tock , and in'ten si ficat ion 
of labor input while minimizing direct 
operation aJ and capital expenditures 
Further emphasizing the imror tance of 
multi-commodity farm systems is th() 
general rυle that , as farm size deCreaSC5 , 
increased attention must be given t。
muJti-commodi'ty enterprises to ach時ve
a minimum level o f living for the farm 
lamily 

The initial thrusts 01 CIAT are d卜
rected towards deveJop川9 commodity 
production systems for certain crops 
and livestock species . When an ade
quate techno!ogical base is established , 
this will help prov ide a nucleυs 01 pro
dυct ion specia lists to app ly this 'technol
。gy. At the sa me time , CIAT will con
tinυe to explore how thes.e commodity 
production systems , and cthers , fit int。
total farm operat的肘， considering the 

economic real山間 。1 practical larm 
systems and the possible prolit advan
tages of multi-crop-livestock enterprises 

Solutions for some technological prob. 
lem s can be found outside of and 
川dependent of the situ ations where the 
technology will be used. Bu't oth~r 
technologi日 1 problems are intima telγ 
related to and part of the environment 
and people involved. lt is difficult , il 
not impossible , even to identifγlet alone 
solve !:;uccessfully and permanently such 
problems 。υtside o f the environment 
and without 'taking into account the 
people and the infra st ructure 

Consequently , CIAT need s oppor
tunities and resources Wh!Ch will make 
possible th e identification , study and 
solution , on location , of such production 
problems. Thi s wou ld not subst itute lor 
but compl~ment presen't research ef 
forts. At the same time , it would necG:s
sitate close linkage with relevant n剖 lon
al agencies fc; research and other inputs 
。utside CIAT's areas of competence and 
staffing 

With the eventual identifica't ion of 
s~ecific agricultural sit υa t10ns (envi 
ronmental as well as 50ci剖 ， economlc 
and political ), CIAT antici pates that 
devel opment and test of specifìc a9ri
cultural prOduCI ÎOn systems for these 
situa'tions w il1 serve as a basis for 
further commcdity studies. In other 
word5, the 仟eeds of the agricu ltural pr。

duction systems wi ll guide further work 
cn specific commodities . To this end , 
explo閃閃ry work is underway in several 
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environrnznts typica l of signif icantly 
la rge areas in othsr countries of the 
Icw land trc pics 

To da'te , ag ricuhural production 
systems re5earch has been largely an 
ex ten sio n of ccmmodity programs , but 
rcl a ~ing these effcrts Ic compreh叩slve

farm production sy5tem s 1n 50 far as 
possible, and cOn~i5tenl with efficie門 t
la nd , labor and livestock u tilization 

Accomplishments include: (1) col 
1 0凹的n of farm enl:=rpri se data 'through 
the Livestock Production Spe:::ialist 
Training Program ancl a re::ently com. 
pleted survey of 487 farms ( see page 
23) , (2) staff effcrt to develop prel附于
inary farrn productio n 5γstem propcsals 
for CIAT staff and board critique , and 
(3) deve~oping 01 certδIn沌。mmodity"
picduction system infcrrr可別的n 'that 
relates no t only tc the commoclity , but 
to ccmprehεnsi vo farm ~ystems 

11. beyond the development of pro 
dυction sys tems , action agencies accept 
a responsibility for th e diss.:=mination 
to and acce抖tance of the systems by 
farm famili凹， then a concern for th '3 
process through which the system is 
dcveloped and demonstrated in the rural 
eccnomγb2comes relevant 

This ~uggesls a resea rch app roach 
whic h, f rom the beginning, involves the 
families. Such an approach hel ps insure 
that they understand what is going on , 
川crea 5es rapport bet ween scientis'ts and 
the people , encourages farmer participa 
tion in the exploration of alternatives , 
and helps them develop criter ia fo r 
se!ecting courses of òction amcng the 
ðlternative5. Th 巾， in the end , becomes 
ù two-way educa tional process for the 
sc ien'tist s as well as the familj~s and 
leads both groups to a conlinu 川 y of 
programs which might be best charac. 
terized as an ope:-ational research (or 
systems engineering) approach 

The sυccess of such an endeavor 
depends upon resea rch thal is relevant , 
and an app;-o3ch that is educational and 
developmental as opposed to promoti。件
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.::.1. The re levance of the research depends 
o n thi s approach , as does the accep'tance 
cmd epp!ication of the results 

CIAT has inv:=stigated several oppor 
tunities tc become involved in national 
re:..sea rch effort s on production 5ystems 
at the farm level, but has yet to deve~op 
a definite plan for do ing 50 or criteria 
for selecting among or committing 
resources to these opportunìtìes. These 
cpportu nit ies d i ffer 自 n scope or breadth 
of subjeot matter, specifi ci ty of ob
je::tive, invol vement of other institu 

't iO肘， and part時 ipation of farmers 

Dεve lopment action programs , sυch 
as those bein g undertaken by ICA in 
various Colcmbian 10ca li。肘 offer
additional opportunities for program 
med and disci plined CIAT porticipation 
Conce自vably， CIAT ohoul d be able, in 
concert with national agencies involved , 
to clelineate specific areas in which it 
would make ù direct re5earch input , as 
well as 10 outline how the 'training Op
portunities for CIAT and olher agencies 
might be ma ximized 

I't should be clearly understood that 
CIAT' s interest and role is cooperative 
participation in production systems 
resea rch, with training 10 follow re 
search develcpmen'ts. Whi le CIAT migh t 
advise on slγategies and approaches , the 
natic nal agenc ies in charge wou ld make 
the final decis ion and implementation 

The first step in such a cooperativc 
effort would be to achieve consensus 
among partic ipat ing agencies o f the 
goal s of the project in terms of the 
pecple living on the land. To date , ob 
serva'tio ns and survey data , plus staff 
discu !:s ion~ ， lead to the conclυsion that , 
regardless of the nature or s ize of the 
farm cnterpri妞 an agricul tυral pro 
duction system shoυId provide the 
follow ing as minimum 90al s for the 
peopl~ who live cn the land 

1. Career cpportunities in agricu Jt ure 
attractive enough to de'ter or dis 
cou rage some o f the migration of 
rura l people '(0 the citÎes 



2. Year.round adequate diets , including 
prot-e ins , fresh veget ables and fruit s, 
and !":ome oppcr tunity for diversity 
in food intake 

3. Opporlunity to produce o n a week ly 
。r monlhly basis certain crops or 
animals which , when s。他 will
provide a regul ar source of cash 
川come . Depending upo n locat ion , 
Ihi s may mean poultry and eggs , 
milk , p。巾， vegetables , frui 峙， libe悶，
or the proclucts of home industry 

4 . With an 川crease 川 disposable in
come , improved !eve!s of housing 
and a5 socia ted syztems of sanita tion 
pl us more adequate educat ional and 
health services sh。υ Id become ava il
able 

Obvious旬 ， CIAT is not sta f!ed , Ji
nanced , or chùrtered t。 υndertake such 
a broad unde r't akir間， bυt I! now appears 
feasible that it might cooperate , par tic 
ular!y with respect to research inputs , 
with nation a l agricultural , educat的nal ，
and health ðgencies 10 demonstrat~ 
V I圳dly and effectively the metho~s ， 
po'tentials , and values associated with 
the pursuit 01 su ch g081s by national 
ùgen C1es 

Such an approach wou 1 廿 províde
CIAT with opportunities for its scien 
tists to study the problem s 01 agricul
tural production 自 n spec叫 ic locales and 
situðl ions , and , in ccoperation with 
na tiona l agencies , 10 conduct field and 
adaptive tria! s of new technology t。
make sure it is technically and econom
icallγV崎ble in spec ific situa tion s 

Rather than stres sing a particular 
type of agricultural 5γstem ， CIAT has 
decided to test the sys tem concept in a 
va riety o f ways through its ongoinp 
commodity programs in research and 
training. 60th activities provide oppor
tunity to observe the systems which now 
exist , the attendant problems , and how 
these might be solved. One such effort 
with sma!! swine farmers is reported in 
the 5wine sec'tìon , while the Beef sectÎon 
describes the Livestock Production Spe-

cialist Training Program activities. Under 
Training and Communication , efforts 
made in 1971 to help crop production 
tra川ers learn about the systems and 
problems of small crop and truck farm
ers are outlined 

Small Farm5 _ Although wide lγd i scus

sed and ofter、口 ted as an example of 
what ough't not to exist , small far ms 
co ntinue to be the main source of in
come and market for labor for the rυral 
people of Latin America. A自 ricultura !
product 的n systems research shoul d 
offer new and imaginative ways of 
increasing cash and real incomes on 
these farms with a minimur叭 Increase
in risk . Specifical 旬， production systems 
are needed that will permit increased 
productivity with a minim um cash 
。u'tlay and no increase in the uncer
tainty of achieving at least a satisfactory 
minimum leve! cf income. A pending 
pro ject contemplates an intensive study 
of a few farms in a rural commun ity to 
ùscertain their needs and expectations 
$0 that production sys tems can be 
designed to lit reqυirements . Systems 
wi ll be developed cn sma ll larm 刮目
。lots at CIAT belore taking them out to 
fa rm commυn山es. This program would 
be carried ou t in cooperation with 
nationδ1 agri cu !tural agenci es 

Inten剖ve Crop-livestock Systems in 
Fertile Land Areas. ln the more fertile 
land areas in Latin America , such as the 
Cauca Valley, present population-Iand 
pressure trends would indicate an in 
crea剖n9 shift from larger , more exten 
sively managed units to sma ller , more in
tensi ve Jy man aged units. These intensive 
produ ction sys tems would likely include 
both crops and livestock , where food 
crops wou ld provide cash income , meet 
subzisten ce food needs , and at the same 
time provide crop residues , by-prodυct 
mater伯 Is ， and s urp lus grains 'to support 
ca llle and sw川e enterprises. Specific 
crops might be grown to su pport the 
livest ock enterpri ses such as cassava Or 
plantain for sw ine . and sorghum o r sυg
ar cane as si lage for cattle . The role of 
loca ll y availab le by-product material s 
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such as mola臼es woυId be considered '10 
complemenl larm produced lee廿stuffs

Family Operated Ranches. There are 
many owner-operated ranches in the 
Colomb ian IIan05 and 5imilar savannah 
regions of La'tin Americð . Most have 
limiled herds and are developing slowly 
becðu~e of inadequate management 
and/ or lack 01 capilal lor Ihe lechnical 
inputs . Development and production 
Icans could be oblδined in some cases, 
but poor herd performance offers Ii ttlG 
promise for repayment of such loan5 

CIAT is cooperating with ICA at 
Carimagua to generate ba引c knowledge 
in the areas of animal heal叭 I nu'trition 
and reproductive performance and to 
test production 5γst-e ms based on the 
best available information rel的 ive to 
livestock management in poor, acid soil 
areas 

Traditional cash crops can be grown 
if sufficient lime and fert 山zer are 
applied , but present transpo r'tation cosls 
make 的 difficult for most grain crops 
to compete on the domest呵。r world 
marke t. Some fruits grow well with 
little or no lime requirement and ap 
oarently modest fertilizer needs . Mango , 
cashew , pineapple and perhaps citru5 
could be grown and sold successlully 
with adequa'te market arrangements and 
a processing industry to absorb the 
surplus seasonal production. Of all the 
crops presently grown in the lIanos , 
however , the most widespread and 
easiest 10 manage is fora Çle. The beef 
cattle industry accounts for the only 
significant production in the areas out
side 'Ihe p陪dmont around Villavicencio 

Catt\e ranching is commonly thought 
10 be lor Ihe weallhy; bul perhaps it 
is possible that family-operated ranches 
cou\d be the basis for the colonization 
of some of S。υth America's vast savan 
nahs 

To test this hypothesis , CIAT scien
tists have been developing models for 
family-operated livestock units in the 
smo。阱， weJI drained savannahs of Meta 
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and Vichada in the Ll anos Orientales 
One such model 時 here described 

The model has a herd 01 50 producing 
cows for a total of appro別mately 90 
animal uniti on 100 hectares. This Îs 
not necessarily an optimal size, but it 
is feasible 

This model develops to lull size over 
12 years , starting with 15 cows and 
。ne bυ1 1. An impo門 ant part 01 Ihe plan 
i5 the subsistence base of food crops , 
grains and sma!! animals , largely for 
。 n-farm consumption. This base Îs 
developed duríng the fírst year on three 
hectares 01 limed and lertilized land and 
allows low maintenance costs for the 
lamily while the cow herd develops. An 
ÎnitÎal Cð5h investment of approximately 
US$3 ,000 is reQuired lor a lamily 
starting with no livestock or imorove
menls. An add州的nal US$3 ,OOO is re
quired curing the 12 years 01 develop
ment , most of which shou\d be gener
aled by the enterprise. 

The gross annual income from sale 
01 livestock at the end 01 the period 
is estimated al $3 , 100, the value 01 the 
enterprise to be approximatelv $15 ,000 
Raw land value is not considered as a 
cost or asset. Present ε。mmercial mar
ket value 01 the land east 01 the Mana
caclasρrobably ranges Irom US$O. 5日 t。
US$5 . 0日/ha ， decreasing in value from 
west to east 

Assumed herd performance 01 60 per
cent weaning rate and 6 percent mor
tal i tγand pasture carryin日 capacl tles 
are believed realistic, based on current 
technology. Animals reach market 
weight at three to four years. Current 
forage !"esearch programs in the area 
should result in marked improvement 
川 forage qua川y ， improved herd per
formance , and increased carry川9 capac
Ity 

For subs 自 stence crops , more assump 
tions were necessary , but prodυctlon 
estimates are believed conservative 
Inpυt costs are based on current de 
livered cos'ts (about US$15 melric lon 



freigh't costs) for the vari ous com 
modities at Ca rimagua. With im proved 
road5, and comple tio n 0 1 the bridge at 
Puerto Gaitan , these costs wi ll be 
lowered. Lime costs in particul ar should 
dec line when the new quarry at EI Dora 
do , 50uth of Vi llav icenc的， 時 completed

Preliminary model analysis shows 
that high com mercial interest ra tes of 
14 percen't per annum and relatively 
low herd performance f旬u res whi ch 
result in s low establishment and low 
yields wi ll be serious obsta cles to over 
come in the early stages. Land δpp recla
tio n, which has not been inciuded, 
would greatly improve the perfo rmance 
plcture 

州。dífications of thi s ranch devel op
ment plan incJ ude starting wi th a larger 
number of cows or w刊 h the 15 COW5 
and theìr no rmal ranch comp lement of 
heifers , s teers and calves , thus reducing 
the development time 

州。s t 01 the component s 01 'the model 
and o ther s which are less inlens ive cire 
bei ng tes led and refined in field trials 
at Carimagua 

Food and feed gra in crops have 
been sc reened fo r low Iime requiremem 
as descr ibed under Soils , page 103 . 1m. 
proved grass pastures are in grazing 
'trial s, B田f ， page 19. Low cost , long 
span fences have been sυccesslull y 
te5ted. Problems 01 a nima l health , 
minera l, protein and energy supple
mentation are being stu died. R的 lon 5
based on locally available leeds , such as 
cassava , plantain , and cowpeas , a re 
beinq tested in the sw ine program a t 
CIAT 

Low C。“ Windmill

Each yea r thousands of ca ttle are lost 
in the lowland tropi日 I savannah s of 
Amer ica for lack of water . In th~ 
Casanare re目的 n in the Colom bian IIanos 
and the western lI anos of Venezuela , 

distances bet ween rj y.ers and creeks (the 
only sources of water during the dry 
season) are great; cat tle are ob liged t。

Water, a scarce component ot production 
systems in the ea.stern plains of Colombia 
du吋ng tbe dry season, can be ob ta.ined by 
means of a windnúll built from local m訓eri叫s

either walk great d ístances o r remain 
near the water , in which case they 
rapidlγexhau st the forage border ing 
the st reams 

The wa ter table 鬥 these reg ions is 
rare!γ more th an a few melers below 
the su rface. CIAT, in cooperation with 
ICA , has intalled an experìmental low 
cost wi ndmill at Carîmagua for pumping 
g round water for domestic anim a! and 
possibly irrigation uses. Th e prototype 
mill (above) i5 a modifi cation 01 a 
design developed by the Brace Re5earch 
Institute of McGill Unìversity 's Facul'ty 
o f Engineering and tested at its Experi 
ment Station at St. James , Barbados, 
West Indi es 

The simp le m ill is easγ to construct 
Loca llγavailable materials cos t ap 
proximately US$1 25 and include shop 
work no t eas ily done in the lield . Thi s 
p rice includes 1 1/ 4 inch ga lvanized pipe 
and s tee J sυcker rod for a IO-meter well , 
a 3-inch diameter bronze windmìll cyl
inder , locally cut poles lor th e 8.meter 
tower , and cement and re inforceme nt 
for the well ring, pl at form and cover 
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A water bnk takes fOI'm over base or palm stìcks wiren togcther with used barbed wire 
No formlng lumber 時間珈山缸，

The windmill yie!ds mOre water th an 
had been expec ted and is now being 
considered lor irrigation 01 small (1 / 2-1 
hectare) plot s lor dry season lood pro 
duction 

Water Storage 

A low cost wate r tank was bυilt as a 
combinatÎo n sto rage and stock wa tering 
tank 10 accompany the experime nta l 
wi ndmi ll. The concrete and pl as ter tank 
is five meters 川 d附meter and 80 cm 
deep . The walls were formed with plas 
ter over a base o f palm cortex called 
" choapo" or "macana '\cut and w自 red
together with used barbed wìre like a 
snow or 戶cket fen ce in the form of a 
circle (above). The floor was po ured , 

1 日。

thus there w的 no need for form川9 lum
ber , bricks or concrete blocks. The ma
teri a l5 C051 aρρro叫 mat el y USS30 

Construction , Using Native Materials 

To meet urgent housing needs at Ca
rim agu a , CIAT des igned and bui\t tw。
houses (page 102 ), using Icca ll y avail 
able material s where possib le. Th-e hous
es are cool , com fo rt ab le and we \l pro
tected from mos l Însects and o't her pests 
They are complete w ith cverhead water 
suppl y, bathroom , septic tank , kit
chenet峙 two bedroom s, li v ir、g-d ining
room , covered ground floo.r sl ab , \aun
drγarea and 1001 roam at a cost of ap
proximately US$ 1,800 each. This cos t 
wC' uld bc pro hibiti ve for most se ttlers 
川 the area . Hcwev::: r, cer tai n design 



\eatu l'es and use o f materials can be 
ea si ly adapted to much s impler and less 
expensive dwe l l 叭叭

Related 50il and Agronomic Res空arcn
Var iou s projects of the soil sc ientists 
and agronomi sts directly relate 10 gener 
al agricultural sys lems concerns. Theγ 
have conducted small plot lield experi
ments rel a ted 10 m閃閃nutnents In sor 
ghum; iime and phosphorus for upland 
rice , maize, and sorghum; and Ihe 川
fluen ce of fenilizers and seeding rates 
on the establishme門 t of forage grasses 
and legumes . These are reported in the 
relevant sections 

50il cften has been overlooked as an 
import ant ecol。自 ical factor i 門 breeding
programs designed 怕 prodυce materials 
。1 wide geographic adaptati。門 CIAT is 
building a base of fundamental informa
I ion related 10 chem叫付， fertili 句， and 
management of weathered soil s 5uch as 
are found in the plains o f Venezuel a , 

Colombia , and Brazil. This base wil l 
serve for the development of SUb5叫ence
food crop production 5γstems 50 that 
persons living in the area may feed them
selves . The same informa tion ÎS a lso vïtal 
for long range commercial CrOp p roduc-
1 ion plans , and for pasture and forages 
improvement on these extreme)y ac泊，
infertile soil s 

Work has ∞r巾nued this past year , 
at Turipana in cooperation with ICA , 10 
identify the prodυction problems in the 
low altitude, alternale wet and dry area5 
so typical of much 01 the lowland trop
ìcs. With adequate levelling and drain
age com pleted In one large field , 
severa l lowland rotatlon experiments are 
now underway. The crops involved in 
these include rnai訝， soybeans , sorghum , 

sesame and cot ton , the latter crop being 
one extensively grown in the area 

Agricultural Engineering an ,d Related 
Issues. As inform訓 ion becomes avail
able , agricultural engineers and a9rono. 
mists are interested ;n devising ways of 
putting the results o f the exper iments 
and informati o n from other so urces to
gether in combinations wh ich wi ll be 
beneficial to the subsistence farmer , in 
depen dent small farmer , and agrarian 

reform projects of various types in trop 
ÎCal areas 

As with the other scientis白， they see 
it necessa ry to ident ify the factors lim
iting producti o n and '10 test solutions 
。 n 'actual farm s. The fac'tors believed 
to be most limiting on production are 
(a) water management , including irri9a
tion , drainage , and soil and water con 
servation; (b) tillage systems to pre 
pare , plant and culti va te with reasonable 
weed control; (c) multiple crops to 
spread the labor req山 rements and to 
provide multiple harvests of frυi ts , veg
etabl肘， milk , poultry,“sh , swine , and 
feed for Ihe family and provide a sur
plus lor weekly market income , and (d) 
Iransporlation to and better market fa
cilities 

To this end , discussions are in prog
ress on the north coa s t of Colombia for 
a cooperative project involving INCORA , 
SENA and ICA for the wet land prepa
ration and planting of rice t。 υse the 
ex叫附9 natural conditions. More recent. 
旬， discussions have been opened with 
the Cauca Valley Corporation lor the 
st udy and development of production 
sys tems more advantageous for the Cau 
ca Va lley and wi th the possibility 01 ab 
sorbing some of the under-employed 
population of Cali 

Coordination and Direction. Now th at 
the staff 01 CIAT has grown in 剖ze ，
diversified in commodity thru sts and 
has grasped the significant potentials to 
be realized through eventual concentra. 
tion on agricultural produc'tion sγstems ， 
fυture developments w ill depend , to a 
large extent , upon prov iding con5tant , 
dynamic leadersh中

The Board 01 Trustees has specilied 
that , for the present , this responsibility 
shall rest w ith the Deputy Dlrector Gen
eral lor CIAT 

Similarly, if the prog月m is to be truly 
effective and have opportun;ty for ap
plication and test on real farms，∞lI ab
oration and cooperation with national 
agencies is absolutely necessary . As CIAT 
gains experience wÎth such operations 
in Colombia , it will seek opportunities 
to coopera te 川 s imilar programs in 
ot her coυntfles 

1 日 1



Experiment剖 st-a tr housing al CarJmagm‘ buiJ t largely from naU凹 materials

Corn responds dramaticaUy to phospborus at C盯imagua si峙。 Phosphorus check plot is 
sho'M1個 ccnter a.nd le(t foreground; 50 kg PIO) trealment is seen in right foreground 
Same treatments conti.nue in background but superlmposed 00 6咽 kg P,O)j ha. broad臨別

treatmen l. Entire plot received 8 tor,s lime/hu 
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2. Testing of Inoculants: Field and 
glasshouse trials are underway at 
CIAT to determine which bacterial 
cultures are most effective in sym
biosis with the lorage and gr剖 n
legumes important to this reg的n
Plant species included in those trials 
are Arachis hypogea , Cajanus caj間，
Colopogoníum sp., Desmodium unci
natum and intortum , Glycine max , 
Glycine javan ica, leucaena LeυCDce
phala , Phaseolus atropurpureus , P 
aureus and P. vulgaris, and Stylosan
thes gracilis . These trials will be ex
'tended to the Llanos Orientales in 
1972. When suitable contacts have 
been made, the testing program will 
be expanded to neighboring coun 
tries. Field survey5 are also being 
undertaken to exa mine the distribu 
tion of rhizobia in the 50i l, and the 
effectivenes5 of the native strains 
Highly effective strains are being se 
lected for further comparative tests 
Particular attention is being paid t。
rhizobia Irom soybean , lield bean , 
Stylosanthes and Desmodium. 

S 0 I L S 

Soils research is directed toward the 
soJution of product ion problems in 
sυppor t of the various commodity pro
grams . Most of the results of this 
research are reported in the individual 
commodity chapters. There are, how 
ever , certain areas of research that relate 
to a number of commodities or th at 
have independent si 日 nificance

3. Inoculant supply: The CIAT s印1m卜

crobiologist arrived in May, 197 1; 
since then , severa l farmers have re
quested inocu la nt supplies. These 
have been sup叭 ied to promote inoc
ulant usage . About 1,000 acres have 
been inocu lated to date , the inocu-

103 

1. C'ulture collection: Availability 01 
reliable inoculants is a major prob 
lem in most of tropica! America 
A primary objective cf the soi l 
microbiology group is to obtain 
cultures of Rhizobium for the forage 
and seed •egumes impor tant to 咐 IS
reg io n. To da'te some 100 different 
cultures have been ob'tained. rep 
resent川9 the most effective cul 
tures from Austra lia, the United 
5 tates, Rhodesia and Brazil. These 
have been preserved by f reeZE• dryi ng 
and are now ava ilable for distribu
tion . 1 t is planned to expand this 
collection to include organis ms of 
other genera which could be helplul 
in unjversity 't raining programs 
These would include representative 
genera of bacteria as well as those 
organisms (i ,e. , Beijerinckia and 
blue green algae) whi ch are agricul
turally importa nt 
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lant being supplied in 'I he form of 
broth cu lture . Inoculant successes 
have been reported for both the PO 
payan and Bogota reg的ns in what 
prev的usly had been regarded as 
problem 50i15. Pea't deposits have 
also been located , and these-togeth
er wi th sugar cane bagasse-wi 11 be 
invest igated as carrier media for the 
叭。culants . This would allow the cul 
tures 10 be supp l 悶d 10 a mυch great
er area and wou ld ensure inoculant 
viability. Contact wi th private inoc 
ulant producers is being established 
in the region. An initial samplin日 of
commercial inocυlants indicates low 
rhizobi al popυlations. CIAT will col 
laborate w刊h loca l prodυcers ， of
fering them a w ide range of effective 
and viable cultures and technical 
consulta'tion. Quality control shou ld 
be an essential aspec't of this collab
oration 

SOIL CHEMISTRY 

C'hemical Kinetic5 of Flooded 0削50ls
Orange leaf disease (anaranjam iento) 
has been reported as a serious limiting 
factor in the production of flooded rice 
on oxisols and similar poor , acid soils 
of the lowJ and tropics. Progre5s was 
made during 1971 in describing the dis 
ease more precisely and 川 defin i ng the 
soil conditions w hich cause 自 t (see Rice , 
page 62) 

DIFFERENTIAL SPECIES AND VARIETAL 
TOLERANCE TO SOIL ACIDITY 

Species differences with regard to tol
erance 10 soil acidily are well known 
There are a number o f fora伊 grasses
a 門 d legumes that require l itt 峙 if any 
lime for optimum performance even on 
soils of pH 4 . 5 and lower. The respon 
ses of such spec ies as Melinis m ,inutiflo
ra (molasses grass ), Hyparrhenia rufa 
(yaragua or puntero ), Stylo.anthes guy
anensis , Pueraria phaseoloides, Calopo 
gonium muconoides and Desmodium in 
tortum to small additions of lime are 
probably due to calcium and magne 
Slum 
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Tree species which are well adapled 
10 acid 50il environments include: man
go (Mangifera indica). c itrus , guayaba 
( P.idiυm guajaba ), marañ凸 n (Anacar
dium occidentale ), and ciruela (Spon. 
dias purpurea). 

There are a few annual crops wh時h
grow well on acid soils w ith relati ve lγ 
low lime requiremen'ts , including: Cow. 
peas , peanuts , sesame , sugar cane , plne. 
apple , rice , and cassava. Varietal dif 
ferences within crop species have recent. 
Iy been def ined for wheat , barley , pota
toes , tomatoes , and other cr。阱， bu t a s 
yet li'ttle if any work has been done t。
breed crops for acid soil tolerance 

A screening program has been initiat. 
ed at Carimagua as a part of the com
modity programs with the objective of 
iden ti fy ing acid soil.toleran t li nes or va
rieties fo r use 川 crop improvement pr。
grams and for relea se for immedÎate 
farmυ5e if such tolerance is combined 
with acceptable agronomic characteri s
tics. Entries are screened at 0 , 0.5 , 2 , and 
凸怕ns o f lime per hectare. The low rate 
of 0 .5 ton is included to supply Ca and 
Mg as nutr;ents . The six.ton ra'te is suf. 
ficient 10 neutral凹e the exchangeable 
aluminum 

Cowpeas (Vigna sinensis) are the 
mcs t acid-tolerant food legumes screan. 
ed to date a't Carimagua. There are , how. 
ever, appreciable var ietal differences 
Sorghum is generallγbetter adapted to 
acid 50il than corn 
A 戶hosphorus x lime experiment w內h

rice (upland) revealed that there is 
much greater variability in that specie5 
as regards acid soi 1 tolerance than had 
been expected . CICA 4 responded strik
川g ly to lime applications up to 16 
凹的/hectare (Fig. 1 ). The lime appl 自日，
tion5 were made 12 months previ。υs t。
planting 'the CICA 4 . The first cr。口。f
rice (1 R8) was lost because 01 la'te 
season drouth. There are rice varieties 
that appear to reqυire I川 le jf any lime 
under upland cond忱的ns ， including Blue
bonnet 5日 and Mono Olaya Dorada , tw。
traditional varieties grown in the C。



UespOIl!\é 10 pho.:'pho n ， ，~ 

兔"
(;oru (11 253 且且正且已

巾。

~ I. 1:l. 16 Tlha. lìm,. 電-1.8. 16 T!h;a lime 

1.0 

2.0 

1.0 
X O. 0.4 1'/h :l límc 

咒。‘ 0..1 1'/113 

。
R 』n O 

' 0 100υ 

r ， o‘ 句月1且
50 100 

-" 』3 

n~ ...pOIl她峙 lime

咒。 Curu 1(蛇e

4.0 
2 恥 ，岫 k;lh. PJOS~ 

1.0 

2.0 

0 : P10S 
1.0 

。 B 16 0 "8 16 
1::1(:0) . T，。駒11 /1' :1

FIGURE 1 一_ Response of e corn hybrid a~d _ rice va r~e.ty to Ilme an~ phosphorus 
。n an oxisol a t Cadmagua, Colombian L1 anos Orientales 



lombian Ilanos. A large number 01 lines 
and varieties will be screened 
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Phosphorus Avaìlability: Corn was 
grown in a parallel phosphorus x lim~ 
experiment with similar lime response 
bul strikingly different phosphorus re
spon se (Fig. and lower ph。怕，
page 102). Corn responded strongly t。
phosphorus at lime levels 01 4, 8 , 
and 16 ton/ha , while CICA 4 responded 
sl旬htly only at low levels 01 lime 
The indication is that the native soil 
phosphorus is much mare available 
to the rice than '10 the corn . The lack 01 
response to P in the case of rice is dif. 
licult to expla叭叭 叭ew of the ex'treme
Iy low P levels in the soi l (2-3 ppm 
P, BRAY 11). The corn experiment was 
limed six months prior to pJanting. The 
rice suffered from a severe attack of 
blast (Pyricularia ), w hich was accen. 
tuated at high P levels. This only par
tially explains the results since γield lev
els were relativeJy high for upland rice 
in spite of the Pyricularia . AII corn expe
riments have suffered heavy damage 
from insect attack (bud warm , stem 
borer and earwOrm among others) in 
spite of frequent and regular spraying 

MICRONUTRIENT DEFI亡 IENCIES

A series of micronutrient trials has 
b自n conducted in 'the greenhouse and 
f悶Id s at CIAT. Zinc , boron , and iron 
have been identified as the most serious 
limiting factors. Boron is the most wide 
Iy observed deficiency in corn , sor 
ghum and grain legυmes and appears to 
be almost unilormly d針icient on well 
drained as well as poorly dr司 ined soils 
Zinc deficiency is most serious in rice 
(See page 51). Preliminary results 
from trials w;th zinc , boron , iron , and 
manganese are reported on Page 65 

In addition to expected species dif
ferences there are striking varietal dif. 
ferences within species relative to sus 
ceptibility 10 micronutrient deficiences 
These differences were prev的usly re 
ported for boron in sorghum and have 
now been confirmed for zinc in rice and 
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for zÎnc and boron in soybeans and field 
beans 

Two micronutrient trial s a't Carima
gua with sorghum and one with peanuts 
indicate that initially, and a t the yiel d 
levels obt,ined (approximatelγ3.0 and 
1 .5 ton/hectare, respectivelγ) ， no one 
micronutrient is seriously limiting. Corn 
appears 10 suffer from Zn deficiency 
and that element 時 being included 
routinelγin all field trial5 at Carimagua 
01d citrus trees at the ranch headquar
ters show a complex of deficiency symp
toms including boron and zinc 

TRAINING 

The soils staff has participated in the 
Crop Production Specialist Training Pro-
9月m both in the lec ture room and in 
the field. The trainees have actively par
'ticipated in the planning and execution 
of micronutrient tria\s on high pH soils 
at CIAT 

A postgraduate intern is in training 
at Carimagua as part of the 50ils and 
crops team. The research at Carimagua 
has been signilicantly complemented bγ 
the work of two doctoral candidates 
from Cornell University. One studen'[ 
lived at Carimagua for eight months 
while conducting field re5earch on "ana 
ranjamiento" of rice. The other CO I1-

ducted field research with COrn and SOr
ghum on lime and phosphorus response 
and interaction 

A Colombian doctoral candidate at 
North Carolina 5t剖 e Universitγsampled 
50il profiles 剖 Carimagua and other 
sites in the vicinity and did exten別 ve la
borat orγwork in charac ter izing those 
profiles with mechanical , chemical and 
mîneralogical anal yse5. These results 
are published in the doctoral the剖 s 01 
Ramiro Guerrer。

An undergraduate student from Pur
due Uni vers ity worked with the soi15 
and rice groups for 5ix month s as 
part of a specia l training arrangement 
The 5taff cooperated in set'ting up and 
carrying out a lravel and s tυdγprogram 
for a class of Pυrdue University under
graduates studying in te rnational agron。
my 



JRAINING AND COMMUNICATION 

Training and communication are 附
tegral parts 01 all CIAT operations. The 
specific individuals and organizational 
un 川 5 which comprise the profess叩nal
group, Training and Communîcati。札
cooperate and collaborate with the 
。ther professìonaJ groups and commod. 
fty programs 

Through it s training , conference, and 
info rmational activ山缸，的 is profession. 
al group assi sts CIAT '10 develop and 
maintain an international network for 
agrrcυItural research and developmen't 

Becau峙 。f the com modi ty task forcc 
。rientation of CIAT , most of the ac
tivities relating to training and confer 
ences are reported in the spec刊 IC com. 
modity sect的ns. The purpose 01 this 
chapter is to proyide an overall review 
of the range of activi'ties and to report , 
in detail , such aspects and events that 
are not specifically related to commodi~ 
ty programs 

Training 

InitiδI training activities were limited 
by the lack of physical lacil山es ， b u't 
during the period July 1, 1968 to De
cember, 1971 , 137 persons from 15 
coun'tries had been enrolled in various 
training activities (Table 1). These 川
cluded 36 who completed training in 
t97 1. (For complete li5t 01 the 82 in 
training in 1971 , see Table 2.) 

CIAT has established among its train
ing categories that of the post graduate 
or in-service intern, to provide direct. 
。n-the可。b agricul tural research expe
rience for γ。ung 5taff members of na 
tionaJ research institutions. Such re
search training i5 oriented to the identi 
Iy叭9 and 50lving 01 problems limiting 
production 

As many livestock and crop produc
tion problems can be resolved by adapt 
ing and applying e刮到 i ng or new tech
nology and management techniqu缸， a 
production specialist is required . He 
becomes a link be'tween the specialist 
and the producer , an individual capable 
。1 applying production packages and 
conducting practical research and field 
trial5 in local environments. CIAT hopes 
to create 5uch specialists through its 
Itvestock and crop production special
is't training programs 

Over time. the 5taft expects an ;nte
gration be'tween the research and pro
duction sp.ecialist training programs, in
cJ uding the possi酬 i ty of 50me research 
trainees spending time learning or ;m 
proving their production capabilities. 

Arrangements exist with the National 
University o f Colorr、bia and the Univer
sity of Valle , Cali , for cooperative aca 
de n-、 ic and research programs through 
which some CIAT 'traine肘， known as 
research scholars. each year work t。
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specialization 01 field by Trainees processed by CJAT classiried 
July 1, 1968 - December 31 , 1971 

TABLE 1 

Total Fiε:d of Specîalization 

Plant Agricul- Ag l' icul 
Sciences tural tural 

Economics EngineerÎn g 

Animal 
Scîences 

Trainee Category 

1414872 84l 

Communica
tion 

3 

8 

2 

4 
72234Iz 

q
d
w勻
。

224-46 ll 
In-Sel'vice Trainees 
Production Spt:它 ialÎS ls
Research Scholars 
Res~arch Fellows 
Specîal Tra 自 nees
Doctoral Candidates" 
Trave! Support Only 

137 3 10 4 81 39 TOTAL 

els 01 lechnology available 10 bolh 
small farmers and larger producers 

The first crop production specialist 
course began o n June 15, 1970 and end 
ed July 29 , 197 1. Ten Colorr、bìan a9ron
omists participated. The second course 
begao March 且， 1971 ， and wi" continue 
unlil the end 01 February, 1972, and is 
compcsed of 14 trainees from 'the 0。阿卜
nican Republ峙， Hcndu ra s , Costa Rica , 
Panama , Colombìa and Ecuador . Thi s 
staggered course sc heduling offered 
trainees of both c。υrses a five-month 
period 01 joint tr剖ning ， in which the 
older , more experienced studen'ts helped 
guide and orient the new students in 
the learn-by-doing methodology on 
which the course is predicated 

During the year , 29 CIAT scientists 
and 16 pr。他白的nals from cooperating 
Colombian institutions and private con 
cerns provided more than 500 hours of 
classroom ins truc'lion 的rough lec ture
discussion sessions in crop science and 
technology , economi口， farm adminis
trat 的n ， prodυction cos t accounling, and 
communlcatlon 

The trainees worked under superv卜

訓。n ， in the f間 Ids at CIAT , grow自 ng rlce , 
malz皂， sorghur啊， soybeans , field beans , 
and cowpeas . They were then assigned 
“ small farms" of 9-12 hectares within 
the CIAT farm , which they manage廿In
groups of three or four. The trainees 
were rcspons ible for managerial deci 

Supported by Others 

ward advanced degrees. In add刊的"， δ
limited number of research scholars are 
supported full y or partially in maste r' s 
degree programs in other countries 

CIAT conlinues 10 explore arrange 
ments wi th graduate level funding or
ganizations in varì。υs countrìes where 
by doctoral candidates at universities 
川 the developed c。υnlries may do their 
dissertation research on agricultural 
problems of t ，~e lowland tropics under 
the d irection of Cl AT scientists. Several 
such proiecl s are now underwaγNor 
mally, such persons are appointed as 
resea rch fellows. Some individuals in 
this category are not necessa rily in
volved in academic programs and may 
concentrate on a specific research prob 
lem important 10 CIAT 

Crop Production Specialist Training 

Young graduates of agricultural col
leges trll 0υghout Latin Americδare cho
sen for the Crop Produc tion Specialisl 
Training Prog月m. These agronomists 
often lack socio-economic and tec hn。
logica l experience j 的 produci ng crops 
and in direct involvement wìth farmers 
and farm problems. CIAT provides such 
tra inees w ith the opportunity I。峙的
their theoreticallγ-orientedυniverslty 
training , and gives them practice in all 
aspects of farm management and the 
growl 門 9 of crops using the varying lev 
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room exercise within the communica
tion instruc'tion . Groups of fo ur and fiv.e 
tra inees spent three days per week dur
ing the month of Julγin foυr small 
comn、unities help川9 farmers in th2ir 
dail y tasks and discussing their prob 
lems 

They subsequent ly prepared a report 
Qivinq backqround 川formation on the 
famili臼 with whom theγhad worked , 

an analysis ofρroblems enco untered , 
and recommendations for assistance 
These reports wer.e presen'ted to both 
instructors in the course and members 
。 f the CIAT staff , w ho were invited to 
part呵 ipate in the d iscu ssion s and offer 
sugqesticns. Through such experience 
and interact ion , researchers are con 
fronted with the most pressing prob 
lem s facing these lower. income rural 
peoples , and students gain prac't ice in 
serving as a link between the research 
scientist and the 5ma!! farmer 

訓。ns ， the inputs to be used , and 't he 
l11 achinery required 

At the end of the ccur se , these groups 
repor ted on their projects , s howin Çl ba
ses for planni 門 q and cropping decisions , 
an account of technical observatio ns 
and ρroblem s enc。υntered during the 
growinq season , a detailed breakdown 
of productio n costs , and an econo mic 
analys凡 of the " farm " pr。“ tabilit y in 
terms of inputs , production costs and 
sale5 of crops 

The second field activitv during 197 1 
ρlaced the trainees two days per week 
for 5ix month5 in one 5ma ll community 

An essential part of crop production 
tra ining is the methodology of conduct 
ing replicated trial s of field c~ops t。

f'valuat :-J th~ applicability of research at 
experiment stations for commercial 
farming enterprises , Throughout the 
year , traine':!s carried out such tr陪 Is ，
both on their " farms " and in the com 
munities in whi ch they worked 

During the year , trainees participated 
In two separ剖e exercises in I 川ng with , 

learning ab。叫 ， and ass isting small and 
subsistence farmers in the Cauca Valleγ 
The first experience grew 。叫。f a class-

TABLE 2 . CIAT trainees avpointed and /or comp)eted training January 1, 1971 10 
December 訓. 19'7 1 by field of speciaJization and category of 1rainee 

Special 
Trainees 

Calegory of T l'ainee 

ln- Produclion R.esearch R e:'search 
Service Soecia1jst Scholar Fellow Tolal 

4
Q
H
e
n
6
4
2
9
1

方

2
1

1
8

2
2

ld2 
1
2
2
4

7
A

-
i
-
2

一

I 

2 

一l
i

-

2
-
2

q 

1 

21 

Livestock P l'oduction 
Pa!' ture & Forages 7 
Swin e 2 
Anim al Health 
Rice 6 
Maize 
Cassa va 
Food Legumes ? 
Croo Production 
Soils 
Planl Pathology 
Enlomology 2 
Weed Control 1 
Agricultural Engineerin g 6 
AgricuJlural Economics 2 
Communication 

f' These fîgures include Texas A&M sludents, doctoral candidates supported by others 
and those lrainees receiving travel support only 
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in the Cauca Valley (EI Bolo ). Each 
't rainee provided dir配 t technical assis 
lance on tw。怕 lour small larms. ~t 
the end 01 their training, the st udent s 
will present reports of their work w川h
the farmers , alon9 with suggestions for 
continuing technical assistance 

As a part 01 thi悶5 proJec't丸， the train、ees
l們nv圳it恃ed c∞。operat叭ing farmers t怕。 v叫is剖叫it the 
CIAT fa rm lor one daγl們n m吶11吋d
ber. Th. purpose 01 thi叮5 V I咕51川t was: ( 1 ) 
to give the trainee practice in planning , 

car rying out , and evaluating a lield day ; 
(2 )怕 demonst rate to farmers that the 
traine肘. advice was drawn from their 
"small farm" experience 

The iina l tWQ weeks of the cour se 
wi ll include, alon9 with examinat ions, 
an evaluation of the CQu rse activÎtÎes 
through a series of round-table discus 
訓。ns wi th both trainecs and ins't ructors 
。n the technologícal and socio-economic 
lac l。內 involved in crop production sys
tems 

A third crop production spec.i alist 
training course is projected for Augus t. 
1972. The five-month break between the 
second and third courses wi ll a llow the 
project coodina tor and s'taff instructors 
to review , evalua te and revi se training 
materials ðnd methodology 

Related Activities of the lPSTP 

The first CIAT Livestock Production 
Specia list Training Pro ject ended on 
Oecember 17, 19 70，圳 th the graduation 
of 11 Colombian trainees 

Project activities in 1971 were di
rected toward e s. tablishing and main 
tam川9 contact w川、 'the graduates of the 
first course. Efforts were concen trated 
。n two !-pecific a reas of interest: in卜
t iat 咱們。 f simila r training projec'ts , con. 
ducted by graduates 01 'the course , with 
În fou r Schools of VeterÎnarγMedi 

Fi~t hand experlence in handllng animals is 
one ot the crucial skills' lhat Uveslock produc

tlon trainees musl acq田間.

cine andj or Animal Science in Colom
bia , and completion of lield work and 
data collection on cooperating ranches 
in the Síncelejo area , where the first 
course tcok p lace 

At the University of Ca ldas , a lor
mer trainee initia'ted a course in ranch 
management wi'thin the School of Vet. 
前inary Medicine. This included a tw。
week training period at the end o f course 
wOik on individuaJ ranches in the Sin. 
celejo area lor the 27 fifth-year s tu
dents. Field work was carried out under 
the supervi訓。n 01 CIAT personnel work 
ing in Sincelejo. A 到 mil缸 in-fie ld train 
In g program is being planned for 
1972，的 is to take place in 'the \ower 
Magda lena Valley 

Another gradυa te of the first course 
heads the Ambυlatory Clinic of the 
School 01 Vet erinarγMedicine at the 
University 01 Antioqu ia, Medellin. Pla :1 s 
are now be川9 made to inc。巾。rate ð 
two. month 川.field training program 
into the underg raduate çυ rr ìcu lum ir. 



The 'learning by doin~ approacb Is used In 
graduatεcrop ~roduction t~g 

1972. A similar course and field train
'ng 時 be川9 estab li shed, with CIAT as
sjstance , at the Natlonal University fa
cilities 川 Medellin

Pr訓 iminary discussions were also held 
with the dean 01 the School 01 Veteri
nary Medicine of the National Univer
sity , 80gota , lor possible CIAT cooper 
ation in a training c。υ rse in 自 vestock
product ion as pan of the fjfth-year cur 
rlCυlum 

One or more fa culty members from 
each of these institutions 時 expected
to be part of the next livestock 
specia 1ist training program scheduled to 
beginJune 1, 1972 

Al so in the Sincelejo area , three grad 
uates continued the field work , tech 
nical assistance and resea rch trials be 

qun on 'the coJl aborating ranches. Dur 
i-ng the yea r they organized and carried 
。ut a course in ranch management tor 
the Ve terinarian 's Association of Sucre , 

composed 01 thri ce-weekly , two-hour 
lect~res and discu ss ions over a ten-week 
period. At the end 01 the year_ one 01 
the Qraduates lelt CIAT to accept a po
s川。，n w川、 'the Di versification Program 
01 the National Federation 01 Coff自
Growers ; another left to begin work a.~ 
a l1 officer-in-cha rge 01 the ICA Li vestock 
Production Program 

Two graduates continue with CIAT , 
coordinating and ass ìst ing in the devel 
。oment of -similar courses within C。
lombian educational and governr明ntal
ìnstilutions 

Preparation for the second cou rse in 
li vestock product的n specíalíst training 
began at mid-year with the sending 01 
course announcements to Latin Ameri. 
can count ríes as an initi δ1 step in the 
recruitment and select的n of trainees 
Teaching ma'terials are presenlly being 
rev iewed and updated for use in the 
second course . Pl ans were in山ated in 
lal e 1971 to move the base 01 course 
。perations Irom Sincelejo to the ICA 
Research Center at Turipana 

Conferences and Symposia 

Effective agricultura l development 
programs depend , lirst 01 all , upon dy
namic, well-informed leadership above 
the technical leve l. Those who make and 
influence national policies , con'trol and 
allocate credìt and resources , manage 
manυfacturing and distribution systems , 
and pr。、川de such facil山es as transporta 
ticn , marketing , processing and storage 
need υnbiased SQurces of reliable data 
and es timates of production potential5 
and requirements 

Morecver , agricultural scientists have 
a responsibility 'to communicate effec 
tively with 的時 leadership - to make 
known what agricultural developments 
are feasible and wha t policies and fac il 
itation are required to increase produc 
tivity in specific areas and c。υntnes .
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The developing CIAT progr.m includes 
facilities and activities whereby national 
leaders may interact with 'the scÎentists 
01 CIAT as well .5 those 01 the nation.1 
agencies , Although CIAT's own f.cil州 'e s

are not yet available, a series of can 
ferences , Sγmposia and workshops is 
already υnderway 

C1AT expects 10 incorporate into its 
conferences and symposia program a 
concern for sharply focused objectives 
and appropriate methods of communi
catlon ， δs well as effecti ve procedures 
for the evalua'tion of both conference 
and lollow-up act州的 'es

In connection with the release of tw。
new high-y自 elding rice varieties , CICA 4 
and IR22 , CIAT planned and 5pon50red 
a Seminar on Rice Policies in Latin Ame. 
rica , in Ca \i , October 10-14. Nearlγ200 
producers , reseachers and policy-mak 
ers from 23 countries learned about 
rice varieties and discussed the prob 
able consequences of their production 
。n the agricultυral and related sectors of 
the La'tin American economγ(For more 
details see Rice ,) 

A related sem inar on " Horizontal Re
sistance to the Blast Disease of Rice ' 
was held in Cali , October 8-12 (see 
Rice) 

Included in the activ刊 ies of the con. 
ferences and symp的 la program are 
cooperative efforts with other Latin 
American research and training institu 
tions and organizations 

The IV Andean Zone Mai z.e Confer 
ence was held in Palmira in November , 
organized and h05ted by ICA and CIAT 
(see Maize) 

Sυpport was also provided in the prep 
aration and distribut的n 01 publica 
tions for the Third Lðtin American Mee't 
ing on Animal Production , which took 
p l ace 川 80g。惘， April 26-30 , This meet 
ing was sponsored by the Latin A:me 
rican Association for Animal Prodυc
tion , whose vice president is a member 
o f the CIAT animal science staff 
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So口 al research , field demonstr肘lon5
and evaluation 

This unit was activated in 1971 with 
the appointment of a research associate 
who is responsible for coordinating the 
communication and economic instruc
tion in all CIAT training programs 

A large part of crop product ion spe. 
cialist training through the year has 
been direcled by this c∞rdínator ， Stu 
dents received nearly 50 hours of class 
rcom InstructlQn in economi口， focus 
ing on administratîon of agricu ltural 
business enterprises , with emphasis On 
use of accounting procedυres and anal 
vsis of production costs and cost-bene 
fit relationships 

A theoretical backgr。υnd in strategies 
for change and factors for development 
perception and behavioral change anε 
in'ter-perscnal communication s.erved as 
the basis in the same t月 IOlng program 
for a pioneering exerci se in practical in
field experience with small farmers in 
the Cauca Valley (see Training , Crop 
Production Specialist Training Pro ject , 
page 108 ì 

In add i't ion to work in the traini 的E
programs , this unit works with the 
CIAT economists on socio-economic 
studies and w川、 other members of thε 
staff on eval ua tion of certain CIAT ðC
tivltles 

Cυrrently underway is a longitudinal 
Mυdy of the Seminar on Rice Policies in 
Latin America. Prelim ínary resu lts indi
cate that the major immediate impact 
01 th悶 seminar lay in the cl軒的catlon
01 the 旬的nomic characleristks of the 
new high-yielding rice verieties , a 
strengthening of favQrable attitudes 
toward the adoption of the new rice 
vanetl肘， and an increasing ðwareness 
。1 the possible ellects 01 existing or 
modified rice production policies and 
programs on producers and consumers 

Plans are developi附n、9 to s 
lu s趴ion of the new r們Ice varietie軒s ， pa 門 'c
ularly among small farmers , ;n Colom
bið and other countries. By 1973 , a 
longitudinal study 01 CIAT' s tr訓mng
program will be launched 



Rapport with smaU rarmers Is essential to the successrul trans[er or technolo盯 3nd
socio.economic knowledge 

INFORMAT ION SERVICES 

Activities of 1 nformation Services 
川CIυde helping plan , wri峙f edit , trans 
late , prepare copy, incorporate graphic 
aids and pholographs, and prinl and 
dislribute all cl CIAT's pυblica'tions. ln 
1971 , CIAT Technical Bulletin Ne 1, 
"The Fea sibil ity 01 Introducing Opaque-2 
Maize for Human Consumption 川 C。
10mb旭" and the. first two issues of the 
bi-monthly ne叩sletter "Not卜CIAT"，
which is direcled toward agricultural 
devel。ρmenl is sues of interest to the 
general publ 呵 were produced and 

distributed 10 more than 116 countries 
throughout the world. Both 01 these 
publications appeared in Engli sh and 
Spanish editions 

The Engli sh version 01 the 1970 An
nυal Repor t was produced for distribu 
tion in earlγ1972 ， and at 'the end 01 
the yea r the Span ish version was in 
press 

Support 01 CIAT programs p rovided 
by thisυnit included printing 01 all 
documents and materials for the con
ferences as well as more than 200 
documents as training materials 
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National Agricultural Library , Bellsville , 
Marγland ， showed a wide scatter of ar 
tic\es . Figure 1 illυstrdtes the results of 
that analysis 

Cassava literature 悶 published in a 
wide diversi tγ 。 f journals. As can be 
seen from the curve，∞vering 55 percent 
。f the articles w。υJd require subcrip'tion 
to 28 percent of the journals , while the 
remaining 45 percent o f the articles 
would require a 72 percent increase in 
journal 5ubscriptions 

The presenl collec'lion 01 Ihe CIAT 
Li brary includes 5 ,433 lilles catalogued , 

511 journal subscriptions , and 250 jou r
nals receìved ðS gifts Or through library 
exchange 

Ll BRARY 

This and other considerations argue 
for a mOre specialized document-by-doc
ument approach 10 cassava literalure 
rather lhan the traditional library ap 
proach which implies subscription t。
many marginal pυblications. A docu
menl-bγdocument approach has the 
added advan tage of providing an in
deplh analysis 01 each document 

Preliminary talks were held w ilh the 
International Development Research 
Centre of Canada for establishing a Ca s. 
sava Document Analysi s Center at 
CIAT's library . This Cen'ter will attempt 
to collec't all the available world cassavε 
literature and publish a comprehensive 
annotated bibliography On this crop 
Suρplements wi l1 then be issued periodi 
cally 

A preliminary analysis of Ihe cassava 
literatu時， performed on a sa mple of 
162 articles published in the last 1。υr
years and obtained from a search at the 
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ln a meeting at Rome io November , 
CIAT was invited to become the regional 
representative for tropical Latin America 
in the implementation of a world-wide 
agricultυral information system , AGRIS , 
sponsored by the Food and Agricυ I'ture 
Organization of the United Nations. The 
first level of operations to be imple. 
mented in AGRIS will be the identifica
tion of sources and their compilat叩門
into a monthly " current awareness'九
type of bulletin 

In connection with this meeting , the 
librarian traveled to several European 
in stitutions considered to be leaders in 
cassava research , to establish personal 
contacts and obtain copies of their col. 

lections. These institutions included the 
Tropical Products Institute , London , 
England; the Royal Tropical Institute , 
Amsterdam , the Netherlands ; the Insti 
tute for Tropical Agricultural Research 
(Institute pour le Recherche Agronomi 
que Tropicale ), Nogent-sur-Marne , 
France , as well the υnlver51υes of Bonn 
and Hohenheim , Germany 

In OClober , Mr. Thomas Bloch , libra司
rian at CIAT for the pa5t two years , 
completed his tw。γear cantract and 
began work at the Central American In 
5t I tυ峙。f Business Administratio f\ (Ins 
tituto Centroamericano de Administra
CI凸n de Empresa雪 ， INCAE) in ManagυA 
Nicaragua 
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PRIC E VVATE "R HO U SE 的 Co

To the Board o f Tr ustees of 

CentZ'o Internacional de Agricultura 
Tropical ( CI AT) 

叫 ..HT.."" Å 缸，，，，，.... ，胸

("..L I .COLO~~. .. 

April 11 , 1972 

,:,;e have exarni ned the bala nc e s hee t of Cent r o I nternacionill 
de Agricul r u r a Trop ical ( CIAT) a s of Decembe r 31 , 1971 a nd t h t:' rc 
la t ed s tat emen ts of income anαexpense s a nd of c ha nges 1n fu nd bal 
ances f or the year . Our exa mi na tion 't1as maå e 1n a c co r danc e "11th 
general ly a cc e pt ed aud1 巴 in g s tandards and acc ord 1ng ly includeà su cil 
tests o f the acccun ting r ecor ds and suc h 0 巳he r audi t lng pro c 仔dureG
as \\' e cons i凸e red ne ces sary 1n the c ircums tances 

Expens es of 1971 a nçi a ccounts payab l e a s 0[' De cember )J.. , 
197 1 are Qv e rsta巳 ed by $155 , 783 as a r esul t o f includi ng the r ei n 
commi 乞men t s fo r fu tur e expend 1 巳 ures 1n re s pec t of purchases of 
equipment ( $9口 ， 120 ) a nd expenses ( $65 , 663) . 

工n our opin1on , exc ept fo r the lllatter referred to 1n t l1 e 
prece吐ing paragraph , the ac c omp a nying financia l sta teme n ts examinecì 
by us present f ai rly the f' inancia l pos i tion o f.' Cen t ro Inte rnaci ona l 
de Agri cultura Tropical (CI AT ) a t December 31 , 1971 a nd t he r es L.t l ts 
o f its ope r at i ons f or the year l 1n con f ormit y w1th gene r al l y accepτ 
ed accounting pri nc iples 

扎 W~~ .L- c: 
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CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIATl 

BALANCE SHEET 

DECEMBER 31，的71

(Expressed in U.S. ctoIlars - Note 1) 

Cash and banks 
Demand deposits 

ASSETS (Note 2) 

Funds on deposit with , ar allocated by, 
The Rockefeller Foundation , New York 
(for purchases) 

Receivable from Agency for International 
Development, Washington , D.C 

Advances to employees 
Advances to contractors and others 
Miscellaneous aCCQunts receivable 
Property and equipment (Note 3) 

Land 
Farm equipment 
Laboratory equipment 
Furniture, fixlures and office 

equipment 
Vehicle-s 
Construction in progress 

Other assels 
Experimental liveslock 
Books and periodicals 
Stores 

Total assets 

4,196 
295.030 
254 ,78l 

235 ,511 
256 ， 7日3

l ,276 ,482 

51, 129 
63 ,992 
7,097 

L1ARILlTIES AND FUND BALANCES 

Liabilities 
A,ccounts payable 
Accrued employees' benefils 

Def甘red income - advance from Interamerican 
Development Bank) Washington, D.C 

FU!ld balances (accompanying statement) 
Capital asset fund 
Operating fund 

Total liabilities and fund balances 

399,406 
50 ,397 

129 ,330 

341 ,493 
17,600 

237 ,924 
107.699 

2 ， 322 ， 7 日3

l22 ,2l8 

3,728 ,850 

378,Ol5 
44 ,688 

422 ,703 

2且，000

一一一
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CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIATl 

STATEMENT OF INCOME AND EXPENSES 

FOR THE YEAR ENDED DECE帥1BER 31 , 1971 

(Expressed in U.S. doll <l rs - Note 1) 

In come 一

Operating granls 

Agency fo> International Development, Washington, D.C 

The Ford Foundation , New York 

The Rockefeller Foundation , New York 

The W. K . K e-llogg Foundation, 8atlle Creek 

Jnterna tional Development Research Centre. OUawa 

The Governme nl o( the Nεtherlands， The Hague 

Interameri凹n Development Bank , Washîngton, D.C 

697 ,006 

680 ,000 

680 ,000 

216,171 

212,625 

125,000 

65, 116 

2,675,918 
l 且 ， 45 4

2,694 ,372 

5 ale of farm produce and misce lJ aneous income 

Core expens的 一

Animal sciences 

Plant sciences 

Training and communications 

Agricu llura l economics 

Agricullural enginee l'ing and s tation cpera tions 

Motor 0001 

Library 

Bîometrics 

Administration 

General ex penses 

P urchases of εquipment 

491 ,130 

551 ,778 

299 ,675 

77 ， 09~ 

206,887 

35,707 

88,480 

1,623 

229,780 

285 ,356 

一 9生旦旦

2 ， 357用34

N on - <!ore ex penses:-

Crop production 

Conferences and symposia 

Excess o( Income Qver ("xpcnses 

:
一叫一心
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CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIAT) 

STATEMENT OF CHANGES IN FUND BALANCES 

FOR THE YEAR ENDED DECEMBER 31 , 19可 1

(Expressed >n U.S. dollars - Note 1) 

Operating Capital asset 

Fund b,:lIances, December 31, 1970 

Capital grant from The Rockefeller 
Founda tion , New York 

Land transfe.rred 10 Insti luto Colombia no 
Agropecu~rio 

Revenue of the capital asset fund in 1971 

Excess of income Qver expenses in 197 1 
(accompanying statement ) 

Fund balances, December 叭， 1971 

fund 

( 68,348 ) 

208.313 

139,965 

fund 

2 ， 828、 883

244434 

( 3、 20 6)

71 ,071 

3,141 ,182 

11 9 



CENTRO lNTERNACIONAL DE AGRICULTURA TROPICAL (CIAT) 

NOTES TO FINANCIAL STATEMENTS 

DECEM8ER 31 , 197 1 

(Expl'esscd in U . S . do lla rs) 

NOTE 1: 

All fore ign exchange lransactions are controlled by the Colombian government 
a nd, according ly , a lL foreign exchange received in Colombia must be sold through 
off icial channels. The following exchange rates were used to lranslate Colombian 
pesos (P) 10 U .S. do llars ($) 

P/$1 

P esa baJances inc1 uded in c3sh .f\ t吋 20.78 Approximate year-end ex 
banks , deposils, advances, accounls change r ale 
receivable. other asseLs and liabil 
Hies 

Peso disbursements for property a nd 19.92 Average monthly rate of ex -
equipmcnt and expenses change applicable 10 sa les of 

dollars 

Peso income 19 日2 Av era ge monthly rale of ex 
change applicable to sales of 
do lJars 

NOTE 2: 

CIAT opel'ates under an agr e-emcnl signed with lhc Colombian go vernment , 
the mosl important st ipula tions of which are as rollows 

1. The agreement is for ten years but rnay be exlended if 50 de5 ired by the 
par tie5 ther電t。

2 . CIAT is of a p甘manent nature and termination of the agreement \Vou ld 
not imply cessation of CIA T's ex istence 

3 . H CJAT ceases to exis t, a l1 of its asse ts wîll be tran5ferred to a Colombian 
educational or other ins tilulion considered appropriate by the parties to 
the agreement 

4. CIAT is ex臼npt from all taxes 

5 . CIAT is perm itted to import, free of customs duties and other ta xes, 011 
the equipment and mat叮iaJs required for its programs 

6 . The government provides land for CIAT's purposes under a rental contract 
fo r ten years, at a nominal rent. Th is contract may be extended by mutual 
agreeme nt 

NOTE 3: 

10 conformity with gene-rally accepted accounting princ iples applica ble to 
Ilonprofit o rga nizations, CIAT does not record depreciation of its proper ty Ð. nd 
equipment 
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